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A. INTRODUCTION

This report is in reference to the research on “Dynramic
;*3 Tuning of a Signal Sorter in a Dense Eavironment" sponsored by
- the Naval Research Laboratory. 7/1/80. principal investigator:
Dr. gém. Abd~-Alla of the George Washington University.

o e

e

e purpose of the research was to study the applicatiuon of
dynamic tuning, 1if opractically feasiblie, to the design of a
particular signal sorter in order to improve its performance. A
simelation model of a signal sorter in 2 dense envircnment. which
was studiad and developed through work by the Advanced Techniqgues
granch of the TEW Division of the NRL was used for problem
analysis.
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ignal sorting involves the correlation of the mass of
signals detected by a receiver with the $ndividual sources that
generate each signai., The signal sorter receives a pulse train
which contains the signals of many different sources and which
must be wmeasured and analyzed to recognize the sources of the
signals, .the emitters, and to separate the interleaved pulses
inte individual emitters.
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3Identification of particular emitters necessitates
maintenance of a file to compare received pulses with those
currently identified or known to be in a particular environment
and to update when new emitters are detected in the vironment.
. The signal sorter generates these tiles based on parameters
:i} measured by the receiver. such as direction-of-arrival [DOA].
h carrier-frequency  [GCFT. pulse-width Iewy and lTatest
time-cof-arrival [T0AJ;, and generated parameters based on

measured parameters. such as pulse-repetition-interval [PRI].t
In addition. the signal sorter must be able to detect some
irregularities and/or intentional variations in the signals
received, such as signal dropout, signal overlap or measurement
inconsistencies. A dense environment requires a signal sorter
with high throughput rates in order to keep up with the high data
rate for real-time requirements; and for this particular
application (airborne), size, weight and power consumption must

also be kept to a minimum.
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B. BACKGROUND INFORMATION
The simulation model includes models of the environment, the

antenna and receiver, and the signal identification and sortigg
system. A summary description of that model is presented here.

B.1. Environment Simulation

Two subroutines. NDAGE and NEMIT. simulate the
electromagnetic activity seen by the receiver. NDAGE generates

™ the initia) parameters for eich emitter: see figure 1 for field
ot definitions for each parameter of the emitter array. It randomly
selects a value for each parameter out of a range of expected

values for that particular parameter. NEMIT modifies and updates

- St = N v Amestmmmnap W " oy - ———
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FIELO DEFINITION OF THE PARAMETER ARRAY FOR EACH EMITTER:

EMITR(I,J) WHERE I=EMITTER NUMBEK, J=DEFINED BELOMW
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12.
13.

14.
1s.
16.
17.
18‘
19.
20.
21.
22.
23.
24,
25.

DX - X DISPLACEMENT OF EMITTER AND SIGHAL SORTER {METERS)

DY - Y DISPLACEMENT OF EMITTER ANG SIGNAL SORTER {METZRS)

POWER OF EMITTER (INCLUDES ANTENNA GAIMN)

MAINLOBE SIZE - OF EMITTER IN DEGREES

SIDELUBE LOSS - IN DECIBELS DOWN FROM MAIN BEAM GAIN

MAX. ANTENNA ANGLE - UP SCAM LIMIT OF ANTEMNA IN DEGREES

SCAN RATE - IN HZ

PRI - PULSE REPETITION INTERYAL IN SECONDS

PULSE WIDTH - I8 SECONVS

FREQUENCY - IN GIGAHZ

ON TIME - TIME WHICH THE EMITTER IS TURNED ON {BEFORE
MAXIMUM ON-TIME [EMSI)

OFF TIME - TIME AT WHICH THE EMITTER IS TURNED OFF

RCVR POWER - POWER LEVEL FROM EMITTER 1 SEEN AT THE

RECEIVER ANTENHA

TUA - TIME UF ARRIVAL OF TRANSMITTED PULSE AT RCVR AKTENNA

VUA - UIRECTION OF ARRIVAL OF TRANSMITTED PULSE AT RCVK ANT.

FLAG - SET FUR UDURATION OF PULSE

INITIAL ANTENNA ANGLE - IN DEGREES

DZ - Z DISPLACEMENT OF EMITTER AKD SIGHAL SORTER (METERS)

MIN. ANTENNA ANGLE - LOWER SCAN LIMIT IN DEGREES

VA - X VELOCITY COMPONENT OF SIGMAL SORTER PLATFORM

VY - Y VELOCITY SOMPONENT OF SIGNAL SORTER PLATFORM

2 - Z VELOCIT! COMPONENT OF SIGNAL SORTER PLATFORM

TYFE: -1:MOVING EMITTER, O:FiXED, +1:COLLISION COURSE

SPARE

SPARE

Figure 1. Field Definition for Each Emitter




the time-varying parameters for each emitter on a pulse-to-piise
bazis. '

The environment simuiation generates interleaved pulse
trains representing several types of emitters that may be
encountered in a reai environment. Regular emitters. those with
no intentional varifation of taeir parameters, predominate,
although exotic emitters may also be generated. A variance on
some parameters can also be added un a pulse~-to-pulse basis to
account for measurement irregularities, parameter agility. or
eaitter drift.

Flexibility is included in the model to permit varying
environment narameters. such as emitter PRI distribution., emitter
location. signal densities. etc.. in different runs and to allow
the same environment £0 bz tested agqainst several signal sorter
designs. See appendix F.1 for the maximum and minimum values for
each parameter.

B.2. System Configuration
B.2.a. Antenna & Recri.at

The subroutine RCVR simulates the antenna and receivey
model. The antenna model is a phased array antenna with a beam
forming network . This antenna is equivaient to several fixed
directional antennas aii integrated into an array covering the
full 360° view arcund the signal sorter platform.

The receiver mode? s comprised of 16 video detectors, one
at each beam port of the antenna. Amplitude measurements from
these detectors are used to calculate direction of arrival. The
recejiver also measure PH. CF and TOA. These values are then
digitized ana passed to the processing system for identification
and sortiag.

The GOA s used 2as a sorting parameter. Each beam 1is
divided into four ({(4) distinct bins, creating 64 birs for the
36G° view. Each emitter is tiled and accessed in main memory by
ite bin number. A match or no-match with the file in main memory
Is based on findine the matching frequency parameter for a
_parcicular emitter in its 00A bin. TOA 1is wused to <calculate
pulse-repetition-interval (PRI} for oprediction of subsequent
pulse arrivals. Vatues for antenna or receiver sensitivity.
handwinth., gaias. etc.. were chosen within the range of current
techrnuiogies.

B.2.h. Procassing Hardware

Configuration of the signal sorting system includes both
pipeline and parallel arcaitectures, A block diagram of the
system is shown 1in figure Z. The CAM, the Processor-Array
buffer, the LIST buffer and each bin (128 of them} of the
CAM-LOAU-LIST, are First-In-First-Out {FIFO0) buffers to
synchronize the rate of t{he data 7Fiow.
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The signal sorter task consists of the fcllowing stages:
(1} presort, (2) {dentification and file generation. (3) 1list
forming based on the expected arrivals anrd (4) CAM load.

Presort utilizes the CAM, which is continuously updated
based on active emitters detected by the receiver £ CAM word
contains the DOA and CF of an active emitter. The PRI of the
emitter is stored in the corresponding wcrd of the FRI memory. as
shown in figure 3. The received data are comparec¢ te the CAM for
a match. If no match occurs, the data 1is passed down the
pipeline to the 2nd stage. This CAM organization uses the CAM to
provide a fast response to the incoming signals and. herce. can
handle them on a pulse-to-pulsa basis.

Vata that 1is matchea DHy the CAN is updated for
next-time-of-arrival [NTGA]l and passed to stage 3, LIST-forming
of expected arrivals. This LIST is ordered based on NTOA., and
emitter parameters 1in the LIST are loaded into the CAM when the
real-time clock matches the NTOA of the emicter. S¢ the CAM acts
as a filter of the data stream to stage 2. (identification and
file generation), and thereby rveduces the the data strecam fo tThat
stage by passing only unmatched data. This presort is done in the
simulation subroutine ASSOC.

The unmatchec¢ data is compared to the- file of previously
identified emitters in stage 2 and resulis in either an addition
of a new emitter to the file or updating the parameters of an
existing emitter if the wunmatched data matches that of an
existing file within predétermined 1imits. These emitiers. once
identified by <he array processors. are stored is a LIST buffer,
which will be used to joad the CAMN LOAD LIST. These tasks are
carried out in the MPPR subroutine.

The CAM LOAD LIST of stage 4 is used to load the CAM, and
the CAM is loaded only with the nearest expected arrivals. which
allows the CAM to remain small. This is necessary since the
current size of CAMs (content addressable memories) is Tlimited
and is restricted to 24 vregisters in this simulation. 1In a dense
environment, the CAM would not be abie to hold data on all the
emitters at once. Data for an emitters is loaded into the CAM
based on the expected arrival time of the next puise. Thus. the
CAM is coentinuously loaded. The algorithm for determining the
foading time for emitter data into the CAM is discussed in the
next section.

B.2.b.1., LIST Forming ?rocessor

The CAM LOAD LIST is a series of FIFOs which are ordered as
a series of time slots, the time siots correlated with the
Next-Time-of-Arrival (NTGA) of an emitter. Data for an emitter
is loaded into the FIFG corresponding to the NTOA of that
emitter. The correlation of HNTOA is determined by the value of
some wmiddle bits of the NTOA which repres2nts the “time stot®
bits. the position of thase bits being a function of the
aistribution of the PRIs of the emitters. This provides a
uniform distribution of emitters throughout the FIFOs.
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Given a uniform distribution of PRIs over a known range.
based on the highest and lowest PRI of the emitter environment,
the time window for each FIFO is based on the following:

M-bits N-bits

NTOA WORD
M = # of middle bits used as a time slot (M>0)

N =# of bits to the right of the time slot in the
NTOA word (N>0). Each word must be shifted N bits to
the right to position the M "time slot"” bits as the
least sy .ificant bits of the word.

In the simulation runs. the value of the least significant bit of
the NTOA is one microsecond. The M_,value determines the nurber
of FIFOs used for the LIST. i.e. ZM FIFOs. In the current
simulation. M 1is constrained to be 1less than or equal to 8;8
therefore. the maximum number of FIFUs comprising the LIST is 2
or 256. Determination of the values of M and N based on the
environment is discussed later.

Data may be 1loaded into the LIST from the associative
processor (the CAM stage) or from the microprocessor array. Data
from the associative processor are emittars which matched in the
CAM and will be arriving again in a time period equal to tho
particular emitter's PRI, The NTOA of the matched emitter is
computed by adding the PRI to the TUA, and the emitter data 1is
loaded 1inte th2 LIST again in the FIFO corresponding to the new
NTOA time window, as shown 1in figure 3. Data from the
microprocessor array are those emitters which were unmatched in
the CAM and have now been matched and updated or added to the
file as new emitters. This data is added into a buffer for the
LIST and loaded into the LIST at a convenient time.

So. the LIST Forming Processor creates an ordered 1iist of
those emitters whose pulses will arrive next. This function is
simulated in the LCAM subroutine.

B.2.b.2. LOAD CAM Processor

The LOAD CAM Processor loads the CAM from the LIST FIFOs
shortly before the next time of arrival! of those emitters.
However. the CAM is loaded only when it is not doing a search.
Processing data from the receiver has higher priority than
loading. A real-time clock determines the particular FIFD in the
LIST from which data will be loaded inte the CAM. The FIF0 is
correlated to the real-time %10t by the M and ¥ values discussed
earlier.

Consequently. the CAM is loaded only with those emitters
that will arrive during the next time period. The emitter data
is loaded into the CAM during the same time slot as the HNTOA of
the emitter. So the particular FIFQ in the LIST to be unloaded
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is determined the same way as the FIFO to be loaded is selected.
Data within a FIFO (bin) dis wunloased sequentially on a
first-in-first-out basis. The LOAD CAM vrfrocessor function s
simulated in the CAM and LCAM subroutines.

B.2.b.3. Microprocessor Array (MA)

Data that is not matched in the CAM is passed to a FIFQ
buffer for the microprocessor-array which compares the unmatched
data to its files for a match on frequency in three adjacent DOA
bins. New data is storaed in the microprocessor-array (MA' mermory
based on its DOA. There are 64 modules in the MA memory to

. correspond to the 64 DOA cells of the receiver system. Each

module contains a number of antries (e.g., 16). Each entry
includes the DOA, the frequency. the pulse-width. the TOA. the
PRI, the type of emitter, and a status flag for number of pulses
received.

A NOMATCH in the CAM passes that particular data word to the
MA input buffer. Because some of these nomatches ¢re caused by a
drift in an emitter's DOA, a search is done on three modules in
the MA menvcy to attempt to find the enitter in an adjacent
module. The microprocessor-array consists of tiiree
microprocessors operating in parallel. A search for a frequerncy
match 1is done on the DOA module corresponding to that of the
received emitter and 2also on the modules with DOA on either side
of it (i.e.. DOA+1 and DOA-1). When a match is fourd in an
adjacent module, the emitlier data is transfered into the proper
modu]g (the most recent value of DOA) and ihe old entry is
purged.

The three processors search the three memory modules in
parallel. When one processor finds a match on the emitter., it
interrupts the other two processors. The three processors then
continue processinrsg, the next entry from the input buffer until
the buffer is empty. In addition to searching for a DOA drift,
the MA also searches for a frequency drift in each module within
+1 Hz., So the MA does a between 1imits match on both the
frequency and the DOA. Data that is matched in this search is
updated in memory and passed £o an output buffer for later
loading into the LIST. The MA function is simulated in the MPPR
subroutine. '

C. ARCHITECTURE TUNING

Tuning as it applies to a fixed system architecture refers
to a computer system structure that has been adjusted to solve a
narticyliar protlem more efficiently. In the case of a signal
sorter system, a static architecture limits its effectiveness to
a2 range of emitter parameters generated by the envirnment model
because the system is tunad to operate most efficiently in that
environemnt. These parameters are wuniformiy distributed and
random; they are alsc bounded by arbitrary upper and lower limits
based on previously observed values. In order to make the system
more flexible, d.e., t0o expand the variety ¢f environments in
which the signal sorter can operate efficiently. requires dynamic

BT AT e L i g s DA KRR A K T g 3
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adjustments in the architecture.

Dynamic tuning is adjustment that occurs during operation of
the system whenever changes in environment data require it. Since
parameters such as environment density. total number of pulses
per second, distribution of PRIs and DOA distributions affect
system performance, changes in ‘the processing system to
accommodate these <changes in the environment <could provide
acceptable system performance over a wider range of input
characteristics. In the next section. the effect of the PRI's
range on the previously described LIST structure is analyzed.

C.1. LIST Reconfiguration

It has been shown? that improved performance results when
the number of modules in the LOAD CAM LIST is chosen based on the
PRI distribution. This assumes a uniform distribution of PRI
values over the range of PRIs. Reconfiguration of the LIST s
based on the PRI distribution of the environment and the lzading
time slot parameters W and N such that:

(1) 2% < Minimum PRI
(2) 2" > Maximum PRI

The first condition provides a good distribution of emitters over
the number of bins and the second condition <covers the entire
range of NTOA. including emitters with maxium PRI. This provides
that the time to cycle through all the bins in the LIST s
greater than the maximum PRI.

Since M determines the number of modules and keeping M small
is a consideration, the upper limit on M must be restricted. For
LIST configuration, the following conditions should be true:

1. M < M-max (10g2 of max # of modules allowed)
2. N < [log, PRIL] {l=tnteger value
3. N+M=[log, PRIH]}+] of quantity

For a summary of configurations of (M.N) giving the best results
for values of (PRIH,PRIL) see table 1 and figure 4. The maximum
value vor 2" is chosen arbitrarily to be 128.

Reconfiguration of the LIST is implemented by monitoring the
maximum and the minimum PRIs in the environment that is being
tested. The microprocessor array is the monitor which outputs
new values to the LIST control hardware to initiate
reconfiguration. This is done in subroutine CONFIG. which 1is
called by MPPR.

In simulation runs 1in this report. LIST configuration was
static if "number of emitters identified before <configuration®,
an inpvt parameter. was greater than the number of emitters in
the environment, 'nd dynamic if that input parameter was 1less
than the number of emitters present.

The range of PRIs affects the structure of the LIST used to
1oad the CAM with the data for next oxpected pulse arriva.s.
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TABLE 1.

Configuration vs PRI Distribution

MAX PRI
(PR!H}
e 2950 | 2048 | 2500 | 3072 | kooo | k096 | 5118 | 7168 | 8000
(PRIL)
128 5,6 6,6 6,6 6,6 6,6 6,7 6,7 6,7 6,7
256 5,6 6,6 6,6 5,7 5,7 6,7 6,7 5,8 5,8
384 5,6 6,6 6,6 5,7 5.7 €,7 6,7 5,8 5,8
512 5,C 6,6 6,6 5,7 5,7 6,7 5,7 5,8 5,8
640 5,6 5,7 5,7 5,7 5,7 6,7 6,7 5,8 5,8
768 5,6 5,7 5,7 5,7 5,7 6,7 5,8 5,8 5,8
896 5,7 5,7 5,7 5,7 5,7 6,7 5,8 4,9 b,s
1024 5,7 5,7 5,7 5,7 5,7 £,8 5,8 4,9 L,9

(M,N = Log, (number of Bins),relative Bin size)
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fhus the LIST organization (the size of each module and the
number of modules), can be based on the minimum and maximum PRI.
with the total size of the LIST remaining fixed. Implementations

) of modules of the LIST structure using both FIFO and RAM memories
are discussed helow.

C.l.a. FrIF0 Implementation

The FiF0 implementation of architecture tuning of the LIST
structure consists of a fixed number of FIFO integrated circuit
memories of a fixed size and confiquration logic. Whenever there
is a change 1in either the minimum or the maximum PRI, the
processor array passes these new valves to the LIST configuration
logic, which performs the following functions: (1)It maps the PRI
pair (PRIH.PRIL) into the (M,N) pair based on a prestored table
which was derived based on earlier research.? The logic for the
mapping is shown in figure 5. (2)It recorfigures the LIST
: architecture based on the (M.N) pair generated by the mapping
{ RUM. The configuration hardware generates the sigrals fo» proper

interconnection of the FIFO ICs. Configuration will result in 2
modules with each module consisting of one or more ICs. A logical
path is created between ICs wnen there is more than one IC per
module. For exampie, a reconfiguration with 16 ICs which requires
a reduction in modules from 15 to 8 wi'l cause the output from
all even ICs to become input to the next IC. This will double
the size of each mcduie while halving the number of modules. (3)
) LIST configuration logic also uses the (M,N) pair to determine

B A N R )

w g

the proper module for loading and unloading data from the LIST.
The NTOA is decoded to load data into the proper module of the
, LIST. and the real-time clock is used to unload data frcm the
correct module of the LIST into the CAM. The low order N bits of
i the time fi2lds are dropped, and the next hicher order M bits are
decoded into a module number.

T e, AT RDEAIS AR e

S LY

As an example, consider a PRIH of 7900 and & PRIL of 500.
The maximum value of M gs 8 [2N=28=256 < 500=PRIL); the minimum
value of N+M is 13 [21M*N)=213=8192 > 7900=PRIH]. M=5. So the low
order 8 bits and the high order 3 bits of the NTOA af an emitter
would be ignored and the middle 5 bits would be decoded into the

module {from ! to 32) into which the emitter's data should be
loaded.

£.1.b. RAM Implementation

The main drawback to FIFD implementation is the large amount
of hardware required to construct the LIST. The alternative to
FIFO implementation of reconfiguratiun is a RAM memory. This
implcomentation increases the overhead reguired because of the
necessary use of pointers to sections of the RAM 1in order to
construct the indopendent modules of the LIST. Pointers must be
updated with 2ach data word loaded or unloaded.

T FIFO simulation using & RAM raquires two pointers for each

J moduie: a LIST Joad pointer for tne vop of the stack {last-in)
and a LIST wunioad pointer for the bottem of the stack
(first-in). Tne total number of pointers to the LIST {s twice
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the number of LIST modules. In order to reduce the number of
register pointers outside of the RAM memory. memory locations
within the RAM itself can be used as pointers.

Reconfiguration occurs when the LOAD-CAM processdr receives
an 1interrupt from the processing array. The LOAD-CAY processor
reads the new configuration status (number of modules in the
LIST) and adjusts the pointers to the buffers accordingly A
microprocessor with internal memory is desirable it implementing
the RAM LIST because of the address computations needed to access
the LIST. The internal data memory of the microprocesor is then
used to keep track of pointers to ithe next avalable data word in
sections of the LIST. Also, part of the hardware is used to map
the (PRIH,PRIL) pair into the (M.,N) pair configuration while the
other part 1is used to decode the NTOA/real-time-clock into the
correct module for LIST 1oading/unloading. LIST diimplementation
with FIF0-ICs only vrequires a simple ¢ontroller to perform the
same tasks which needed a microprocessor in the case of FIF0-RAM.

Previous research4 indicates that FIF0-IC reconfiguration
resulted in the best performance but would be expensive to
implement due to the amount of hardware required. While the
FIFO-RAM approach produces additional overhead associated with
updating pointers and reconfiguration of the LIST. this does
degrade the system. but not significantly. FIFO-RAM
implementation would be more cost erfactive.

D. ENVIRONMENTAL INPUTS AND PARAMETERS OF THE SYSTEM COMPONENTS

The environmental inputs and the configuration of the
various components of the signal sorter system will affect its
tevel of performance. Enviroamental isnputs that will affect the
system are the number of emitters detected in the environment at
any one time, the PRIs of those emitters, the types and number of
exotic emitters. Signal sorter parameters that will eaffect
performance are the speeds of the associative processor and the
array processor, and also the speed of the CAiM manager. In terms
of LIST configuration. parameters that affect efficiency are the
{M.N] values for the number of modules and the time-sliot for
1nading the LIST. These values and any advance load time for the
CAH and the number of CAM registers will affect the performance
of the whole associative processing stage of the signal sorting
process. Since the efficiency of the system is dependent upon
the performance of each component of the system, it is important
to find the optimal configuration that will best handle any
environament that could be encountered.

To be able to vary the environment and to also vary ¢the
configuration of the system, the following parameters are input
to the system at run time: .

ENVIROHMENT: -continuous wave emitters [yes/nol?
-pulse group emitters [yes/no]?
~-nonuniform DOA change ryes/nol?
-number of frequency hopping emitters
-set high and low PRI [yes/accept default]}?
~total number of emitters
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-separation between emitter tura-on times

; SIGRAL SORTER: -associative processing time in microseconds

B3 SR -array-processor processing time in microseconds

« per microinstruction
-CAM manager processing time in microseconds
-nunber of CAM registers
-initial number of modules in the LIST (2N)
-initial number of bits shifted (ZM)
-advance load time

Also included as inputs are ‘'simulation run time' and 'print

g increment' for cutputting statistics. both in seconds.

i The pavameters used to evaluate the performance of the
i signal sorter are:

; 1. rate of CAM nomatches per'second

H 2. ratio of CAM nomatch/match

1 3. maximum number of emitters in the assocative processor

i input buffer

4. maximum number of emitters in the FIFU input buffer of
the array processors .
5. maximum number of emitters in any bin of the LIST

Tne “"nomatch"” count in the array-processors does not include
those emitters whose signals have rot been identified and
cataiogued in the main memory files. It aisc does not include
';) VRA or frequency drifts. Nomatches are those emitters whose
parameters nave been calculated and stored in the main memory
file bdt whose received pulse did not match, within the
prescribed 1limits, the parameters of any emitter in the CAM at
the expected time of the arrival of the pulse. The match count
rept ‘sents the number of emitters matched in the CAM. The ratio
of match/romatch is an indicator of how effective the filtering
process of the CAM is, while the rate of nomatches per second,
calculated as the difference between the total number of
nomatches at the current second and the total number of nomatches
at the preceding second, 1is an indicator of how effective CAM
performance is over time. i.e.. if a steady state is realizable.
The AP input buffer contains ouiput from the receiver to be
7, matched in the CAM. The size of this buffer indicates whether
% the AP <speed is adequate to handle the incoming data rate from
5 the receiver system. For varying CAM processing speeds. an
E increase in this buffer could act as a measure of the maximum
i delay for CAM leoading from the LIST. This will be discussed
¥ later.

e AR AR i S MR IASE Vs LA A3

A major objective of the system is to minimize the delay
from the time the first pulse of an emitter is received until it
is identified and stored in the system. A larje number of
emnitters in the FIFO buffer of the array processors would resuit
in a deilay in compieting their processing. This would be &

. factor of bpoth CAM effectiveness and processor-array speed.
qﬁ; Ideally. the size of this buffer should remain small over time.

The maximum size of any bin 1in the LIST shows the lower
bound for the size of the CAM. Bin size is the maximum number of




emitters that will be ioaded into the CAM during any time-slot. A
large number here would increase the probability of CAM
processing time causing a delay in loading an emitter in time for

) its NTOA. Overwriting of data items that have not yet matched is
aso likely to occur if this size of any bin targer than the size
of the  CAM. Simulation runs indicate that for optimum

performance, the bin size should not exceed haif the CAM size.

These performance measures are not independent, nor are they
all the performance measures that exist. These are the
performance measures described in the tables of this report.

b.l. Environmental Affects

The rate of nomatches in the CAM is affected by the system
configuration and varying certain input parameters; however, a
percentage of those nomatches are strictly a result of the
environment. Environments that contain emitters with frequencies
that are equal within +1 units and are very close in
d:rectionvof-arrival can increase the rate of nomatches over
time.

Emitters with DOA or frequency drifts are passed to the

microprocessor array for a between-limits match of +1 units on

BCGA cell and fregqency (frequency is scaled between 1 and 4096).

I¥ emitter-A has the same frequency+l as emitter-B and the two

~ are in adjacent DOA cells in memory. the microprocessor array

‘”) will match and update the first location it encounters within the

required limits. The microprocessor array matches only on DOA+l

and frequency+l. If A matches B on DOA and frequency. A will be

tpdated based on the PRI ¢f B. This will result in subsequent

DO0A-nomatches on emitter-A until it drifts to a nonadjacent cell

{vUA drift > 1) or emitter-B drifts out of the cell adjacent to

A. The former will result in a strict nomatch and entry into the

memory file as a new emitter. The latter will continue to result

in VOA-nomatches until the NTOA is updated to the range of the

ti?e window corresponding to the actual arrival time of the
emitter.

An emjtter environment generated for 300 emitters 1is in
appendix F.3. Qutput 1includes ODOA cell number, positior of
enitter in each DOA cell., frequency and PRI. The 1ist is sorted
by frequency. DOA's within +5 with frequencies within +1 are
highlighted 2as a potential source for this ph2nomenon. The DOA
drift ¥Fer a several second simulation run can vresult in a drift
of tiis size and larger.

From zppendix F.3, consider emitter-A in DOA cell1-20.

position-7, with a frequency of 72 Hz and a PRI of 7623
microseconds; and emitter-B in module-18. position-4, with a
frequency of 72 Hz but a PRI of 2931. 1If A drifis to module-19,

a nomatch will occur in the CAM. The microprocessor will then

search memory modules 18, 19 and 20 for a match on frequency

n’) 72+1. These modules will be searched in parallel. When a match
. is fTound in one of the modules. adjacent searches are halted.
Since 8 1s in the 4th position in module-18. {t wiil match A

before the 7th positon of module-20 is reached. As a result.

Sl ot




emitier-A will be updated based on a PRI of 2931 rather than 7623
and will produce more DUA-nomatches. In the worst case this
could produce as many as 131 DOA-nomatches in 1 second of
simulation time. The 131 nomatches corresponds to the arrival
rate of emitter-A (PRI=7623}.

Several such occurences in an environment will increase the
number of internal arrivals (the number of arrivals to the
microprocessor avray due to nomatches of all types). which is an
increase in the workioad on the microprocessor array. This also
accounts fTor main memory containing less than the number of
emjitters expec¢ d in an environment. Instead of inserting a new
emitter into .ne file, the microprocessor array matches the
emitter with an existing one that has the DOA and frequency
within the required limits.

D.1.a. Separation Time

Emitter turn-on times will also affect system performance
because it aiters the density of new emitters seen 1in the
environment at any one time. 1In addition, if the characteristics
of each emitter in the environment do not change, varying their
on-times (i.e.. the time at which the emitter is first seen by
the signal sorter) will affact performance due to the different
combination of signals that will be seen during any one time
slot. It may eliminate some signal clustering; on the other
hand, it may increase the occurrence of this phenomenon.

For 100 emitters and 300 emitters, runs were made with a
separation time of bhoth . 05 seconds per 10U emitters and of . 05
seconds, 100 emitters would be turped cn witnin the first to 9.1
seconds and the third 100 emitters would be turned on within 0.1
to 0.15 seconds, and similarly for 0.15 seconds. So for an
on-time separation of 0.15 seconds, ail 300 emitters would not be
seen until 0.45 seconds of run-time had elapsad.

The above four configurations were run long enough for all
emitters in the environment to be deotected. The run times were
2as follows:

100 enitters with 0.05 separation -0.10 seconds

100 .15 .20
300 .06 .20
300 .18 .50

The rate of nomatches and the percentage of nomatch/match were
compared. In addition, the number of internal arrivals (NIA}
were examined since the rate of nomatches was at times zeroc for
the beginning of the run. HNIA includes all data that is passed
to the array-processors, VUA drifts, new emitters and any other
data not matched 1in the CAM, These values will reflect the
increase in data passed to the array-processor as each emitter is
detectad and catalosued in main memory and the ievelling off of
these figures as the number of new emitters in the environment
decreases and the signal sorter matches those signals it has
evaivated and can now identify., Table 2 contains data from these
four runs ana figures 6 and 7 show graphically the rate of
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Table 2, Performance as a Function of SEPARATION TIME
Run-Time 100 w .05 100 w .15 300 w- ,05 300 w .15
Seconds ]
$N/M | RNoM | NIA |%N/M | RNoM| NIA | $N/M! ENoM| NIA %N/M |RNoM | NIA

.01 0 0 3810 0 16} 0 0 26 1 0 0 2
.02 0 0 7110 0 16| 0 0 48 1 0 0 23
.03 0 0 68 | 3.1 2 231 0 0 68 {1 0 0 19
.04 0 0 57 | 1.6 0 251 .95 3 78 1 0 0 16
.05 0 0 67 | .93 0 251 .70 1 7541 0 0 13
.06 0 0 14 § .58 ¢ 301 .43 0 61 | 0 0 27
07 0 0 2 .39 0 281 .38 1 651 0 0 26
.08 A1 2 2 .29 0 381 .28 0 72 | .22 1 25
.09 .09 0 0 .22 0 131 .21 0 46 | .33 1 20
.10 .08 0 1 17 0 17§ .17 0 65 | .76 5 35
11 14 0 201 .25 4 86 | .7¢ 2 30
A2 .12 0 15 .31 5 82 | .87 3 25
i .10 0 19 .43 ] 70 | .71 V] 18
14 .13 1 26| .54 11} 71 { .59 0 23
.15 .15 1 141 .S58 8 86 | .59 2 29
.16 .13 0 141 .69 16} 37 | .71 5 30
.17 A2 0 0 .78 161 21 | .62 0 22
.18 A1 0 0 .83 14§ 15 | .57 1 26
.19 .54 1 27
.20 .53 2 19
.21 .50 1 21
.22 .49 2 25
.23 46 1 25
.24 44 1 22

" .25 41 1 13
.26 41 2 14
.27 .41 3 27
.28 .40 1 24
.29 .40 3 29
.39 .38 1 35
.31 36-1 0 28
.32 .35 2 22
.33 .38 6 23
.34 .38 3 31
.35 .41 7 32
.36 43 7 35
.37 .48 12 | 28
.38 .48 3 19
.30 .49 7 41
.40 .52 10 | 27
.41 .58 16 | 37
42 .60 11 | 33
.43 .62 11 | 38
.44 .63 9 29
.45 .67 1 39
.46 .74 25 | 38
47 .73 7 11
.48 .73 7 10

N/M = Percentage of Nomatch/Match per second
RNoM = Rate of Nomatch per second
NIA = Rate of internal Arrivals {to array-processors) per second
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internal arrivals for 100 and 300 emitters. as discussed below.

For 10U emitters with . 05 separation. the number of actuail

~3 nomatches is zero up until . 08 seconds when there are two

. nomatches. (Recall that the nomatch count includes those
arrivals which should match in the CAM under ideal predictions of
arrival time and CAM loading. In other words. it does not
include the nomatches from the first three arrivals of a given
emitter while it 1is being identified by the processor array.)
However, the number of internal arrivals per second shows a peak
in activity at . U< and a slightly smaller peak at that time. the
number of internal arrivals is reduced significantly. Tha
percentage of nomatch/matcn remains at zero until . 08 seconds
when the two nomatches are produced, but this figure also
decreases since there are no other nomatches during this time
period. Tne nomatch count refers only to those emitters which
should have matched in the CAM but did not for reasons other than
frequency or DOA drift or new emitter.

, For 100 emitters with U.lb separation time. the first

b nomatches, 2, show up at . 03 seconds: there is not another one

. until 0.14 secends of run-time; thus the percentage of

; nomatch/match can be deceiving without also loocking at the rate

of nomatches. The percentage of match/nomatch is a good

performance measure at steady state. i.e. after all emitters are

} seen. The HNlA rate peaks at . 08 seconds - 64 emitters have been

3 turned on at that time - and decreases to almost a third of its

peak size at 0.15 seconds, when all emitters have been turned on.

"> After all emitters have been turned on in both runs. performance
‘ is approximately the same.

For 300 emitters with . (6 separation, all emitters will
turn on by 0.15 seconds. The number of internal arrivals peaks
at 0.04, 0.11 and 0.15 seconds. which is approximately the time
each 100 emitters will have been added to the file. The rate of
nomatches remains zero or fairly smalil, 5 or 1less. up to 0.13
seconds. The NIA rate, however, starts to decrease after 0.15
seconds. So more of the arrivals to the array-pruvcessor are
nomatches rather than new amitters, which have all turned on at
that point. thus NIA and ratz of nomatches become approximately
equal.

ror 30U emitters with 0.15 separation, this does not happen

until . 46 seconds of run time. The rate of nomatches vremains

. small until about 0.35 seconds when it starts to slowly increase.

Since the turn-on times are spread over a longer time, the NIA

rate is much more smooth with the peaks not as pronounced as for

0.05 separation. There are slight peaks at the 1imit of turn-on

time for each 100 emitters and usually one between these limits

when at least 50 of the 100 emitters to be turned on during that

time interval have been detected. For exampie. there is & npeak

at 0.16 seconds, but also one at 0.10 seconds; there is a peak

at 0.31 seconds and 0.45 seconds, but also one at 0.39 seconds.

After 0.45 seconds. the NIA rate starts to decrease from its peak

. arnd the nomatch rate begins to approximate it., indicating that
_) all new emitters kave been turned on.

The results of this simulation of all emitters with sign. ]
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turn-on within such short period time is used for worst case
analysis. It would corraspond to a system turn-on or system
reset in the midst of a dense environment or to an even denser
environment with a longer separation time It represents the
werst case transient analysis rather than the steady state of
performance for the microprocessor-array.

B.l1.b. Frequency Hoppers

Frequency hoppers are those emitters that change the carrier
frequency of the pulse signal in some fashion (sometimes
pulse-to-pulse) while the PRI remains the same. This type of
emitter is difficult to identify. The receiver model measures
the frequency and calculates the DOA based on which antenna
receives the strongest part of the signal. This information is
catalogued in the main memory file based on the DOA and the
frequency for each detected signal is stored in the file
corresponding to 1its DOA. Because identification is based on
frequency matching, frequency hopping emitters appear as new
emitters in the main memory file each time the signal appears
until a pattern in the transmission is detected. The result is an
increase in the workload on the microprocessors oecause there
appears to be more emitters in the environment than are actually
transmitting. Each signail is stored as a new emitter wunti}
another signal with the same frequency and DOA is received to
calculate the PRI for those parameters. If the frequency is not
repeated. each successive signal will be stored in the main
memory file until main memory is full: in actuality, wuntil the
bin corresponding to the frequency hopper's DOA is full.

in order to determine the effect of frequency hoppers on the
signal sorting system without overflowing the main memory files,
a wraparound tecnhique is utilized. Whenever a bin in main
memory reached its limit due to frequency hoppers. the file was
modified to wrap around and start lcading new emitters into the
top of the bin corresponding to the DOA of the emitter.
Wraparound in main memory can be detected by the maximum size of
any bin reaching 48. The actual pointer bin will be to the next
location that will be 1loaded. For those cases. the number
representing total emitters in the main memory file will not
refiect the fact there are 48 emitters in those bins., but will
only include the size of bin indicated by the pointer. For
example. if maximum size of bin 34 was 48 but the current pointer
is 6., the actual number of emitterc in the main memory file *s
the indicated total minus the pointer value plus 48 (the actual
number of emitters in the bin).

Arn environment with 5U emitters and 2 frequency hoppers was
run for 1.0 seconds. This run was compared with an environment
of 50 emitters and no frequency hoppers. Both were run as a
dynamic configuration with . 05 second maximum separation between
en-times. One effect of the overflow in the main memory file
resulting 1in wraparound is that the frequency hopper envircnment
reconfigures the LIST after 0.6 seconds of run-time. Wraparound
in the bin writes over emitters that were previously identified.
When the signals for these emitters are detected again. they will
appear as new emitters and wiil have to be typed and stored in




the main file agéin. If the frequency hopper concinues to
wraparound and write over the data for incoming emitters to that
bin, the emitters will never be typed and the PRI will not be
calculated for them. The data corresponding to the 1last signal
will be wiped out before a new signal is detected and compared to
the file. If the emitters in the wraparound bin are in the ranqge
that would produce a different configuration if these were not
present, the LIST will reconfigure as if they are not present
since they are not in the main memory file long encugh te
calculate the PRI.

Consequently. a second environment with 50 emitters and 2
frequency hoppers was run as a static configuration with a LIST
configuration of (32,256), which is the configuration for the
dynamic environment with no hoppers. This environment will
eliminate any performance differences that are due ¢to LIST
reconfiguration.

For the dynamic frequency hopper environment (dFH) and the
environment with no frequency hoppers (nFH), the rate of
nomatches remains the same up until the recenfiguration of dFH at
0.7 seconds. The rate jumps from 0 to 637 in 0.1 seconds. The
nFH environment remains at zero for the duration of the run. The
static frequency hopper environment (sFH) 1is approximately the
same as nFH. The slightly better performance can be attributed
to tne configuration remaining static throughout the run rather
than reconfiguring as new emitters enter the environment. The
numder of nomatches in this case will reflect actual nomatches
from the regular (identified) emitters since each signal from the
frequency hoppers will appear as a new emitter, not as a nomatch
on an existing emitter. The indicators of the effect on the
system are most apparent in the number of emitters that appear to
be in the environment and the ratio of tae number of matches to
the number of signais received. The number of external arrivals
(NEA) will be the same for all runs since all three environments
have the same parameters with the exception of the two freguency
hoppers that on®) vary their frequency with each pulse. Initial
values are the same.

The actual number of emitters that are in the main memory
file for each run are in table 3. At 0.6 seconds for dFH. the
number of emitters in the main memory file is 1listed at 80.
However, the actual number s 141 since .he overflow in bins 34
and 16 is not added in. The current sizes of those two bins are
6 and 29, respectively. These two values must be subtracted from
the printed total of 80, and 48 must be added to the resulting
total for each full bin to get the correct tutal. The
computation will be 80-(6+29)+2*48, which is 141 emitters. Of
course, the nFH environment shows the total number of emnmiiters in
main memory as 50.

Table 3 also shows values for the percentage of match/NEA.
The figures for sFH are approximately 3% less than that for nFH.
The dFH environment is equivalent to sFH until the
reconfiguration at 0.7 seconds. The PRI of the frequency hoppers
will determine how quickly main memory will overflow; as it is
clear that the emitter in bin 34 has a highter PRI than the
emitter in bin 16, both frequency hoppers. The results of the
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Table 3. Performance as a Function of FREQUENCY HOPPERS

Run-Time | FH=0 SFH=2 i  dFH=2
Seconds f(32,256) {32,256) | (32,256)
RATE OF NOMATCHES

0.1 2z ¢ 2
0.2 1 1 1
0.3 9 0 0
0.4 0 0 0
0.5 0 ] 0
0.6 0 ] 0
0.7 0 0 637
0.8 0 0 841
0.9 0 0 866
1.9 ¢ 0 860
PERCENTAGE of MATCH/NEA
0.1 87.5 85.1 85.0
0.2 94.5 91.¢ 91.8
0.3 96.4 95.8 03.7
0.4 97.3 94.6 94,6
8.5 97.9 95.1 95.1
0.6 98.2 95.4 5.4
0.7 98.5 95.7 90.0
0.8 93.6 $5.8 84.3
0.9 28.8 96.0 79.8
1.0 98.9 96.1 76.3
NUMBER OF EMITTERS IN MEMORY FILE
0.1 50 88 88
0.2 50 117 317
0.3 5C 136 130
0.4 50 140 149
0.5 50 139 139
0.6 50 141 141
0.7 50 141 141
0.8 50 146 147
0.9 50 157 159
1.0 50 170 174

NEA = number of external arrivals (from Receiver)
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SFH environment are in appendix F.6.a.

The same environment was run as a static environment of 50
enitiers and 2 frequency hoppers with ne wraparound since,
iaeally, new emitters would not be added to a full module or when
a mogule is full, a search to detect frequency agile emitters
sfieuld be executed. When the memory module is full. new emitters
and UO0A-drifting emitters are not added to the file. This means
they will not be loaded into the CAM for match, but will always
appear as new emitiers. They will be passed to the
microprocessor-arvray for entry into the file but will not be
loaded. Thus. the only indication of this extra arrival activity
will be the increase in the naumber of arrivals to the
microprocessor-array (NIA) and the match count. The difference
in wIA for sFH aid the non-wraparound memory environment is less
than 2% at the ead of run-time; however, simulation run-time was
only 1.0 seconds. For example, at 1.0 seconds for sFH. the match
count 1is 15708 and NIA is 641 compared to 15694 and 655 for the
static memory case (no wraparsund). One of the main differences
in the two runs 1is the 1increase in the nomatch count at 0.6
seconds for the static memory case due to a DOA drift from memory
module 17 to memory module 16 at the end of 0.5 seconds. Since
module 16 1s full. the emitter data is transferred out of module
17 but cannot be loaded into module 16 The results of the static
memory case are in appendix F.6.b.

Obviously, frequency hoppers in the environment will degrade
the system considerably if there is no provision for
identification of thesc signals. As seen above, this results in
memory overflow, and if reconfiquration takes place, degradation
of performance in matching incoming signals since the system will
not adequately catalog the environment.

b.2. LIST Configuration

Reconfiguration of the LIST dynamically accerding to maximum
and minimum PRI's should produce the best performance. based on
research cited earlier. The PRI range for the simulation runs
made for this report is from 500 to 7900 microseconds. Expected
valueﬁ for the number of bits shifted, N (shown as a displacement
of 2%), and the number of bits in the time-siot-window, M (shown
as 2", vepresenting the number of bins in the LIST). is 256 and
32, respectively.

This (M,N) pair was derived based on a maximum value of M
being 7: that is, a maximum of 128 modules in the LIST are
allowed. This limit was placed arbitrarily to limit the hardware
cost of FIFU-ICs, This 1imit and the resulting {(M,N) pair for
t?e ggove environment worked well for a total number of emitters
of 100,

An environment of 300 emitters was run with both static and
dynamic confiauration using 256 and 32 as the input parameters
for the LIST with approximactely equal results, as was especied.
This same environment was run as a static configuration with tne
number of bins for the LIST larger than the requirement, with the
values of M and N still satisfying the restrictions (1) N < [log2
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PRIL] and {2) N+M > {logz PRIHI+1. This required a reduction in
the number of bits shifted: the offset for the time-window.

Sy The number of hins was increased to 128. the
time-window-offset was reduced to 64. Using the percentage of
WOMATCH/MATCH in the CAM as a performance measure. this value
decreased by a factor of 17 from the (32,256) confiquration. For
the (128.64) configuration at 8.0 seconds. the percentage of
nomatch/match was 1.55 compared to 26.2 for the (32.256)
configuration. See table 4 for results. However, when this LIST
configuration was used for 10U emitters, performance was
deqraded.

One explanatien for the improved performance is that the
smaller bin size due to the larger number of bins in the LIST
results 1in fewer nomatches in the CAM due to avoiding overwrite.
The CAM is loaded from a bin in the LIST based on a time-window.
It the number of items in any one bin is large. loading the CAM
may overwrite data that has been updated and the NTOA of that
emitter Hhas not passed. This is more likely to happen when the
number of emitters in any one bin i5 larger than or equal to size
of the CAM. The smaller offset to the time window will require
more CAM 1loads, but it increases the likelihood of a data item
being matched before another data item is 1loaded into that
reqister. The (128.64) configuration resulted in the bin size
for 300 emitters being reduced to the range of bin sizes of the
(32,256) configuration for 100 emitters.

) For improved performance, a large number of modules in the
LIST should be used whenever the expected number of emitters in
- the environment 1is large. For dynamic reconfiguration to be
effective, the maximum vaiue of M (i.e.. M-max) should be a
function of the expected number of emitters 1in the environment.
Monitoring both the PRI and the maximum size of the LIST bins.
which s, in turn. dependent on the number of emitters (NE),
should result in optimum performance of the system. In other
words, vreconfigure the LIST according to PRI and LIST size (or

NE}. with the limit being the size of the CAM.

The optimum configuration values that are used in the
simulation. as discissed in section C.1l.., were based on a maximum
environment of 1luU emitters. The optimum values for larger
environments were not calcylated. Still. the larger value for M
satistfies the condition: 2">maximum PRI.

D.3. Associative Processor (AP)

Vata is loaded into the CAM during the same time-slot as the
emitter's NTUA: i.e., an emitter 1is loaded into the CAM in
advance of its NTUA by an amount of time less than or equal teo
the size of the time slot minus the delay n the LIST. However,
the CAM is loaded from tihe LIST only wher it 1is not processing
data from the receiver. The M¥TQA 2f an emitier may vequire 3 CAM
load during this period of processing. If the processing time
for data from the receiver results ia current time greater than
the HNTOA of emitters in the LIST, this will result in nomatches
in the CAM due to late Toading of the CAM or not loading a data
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: Table 4. PERCENTAGE OF NOMATCH/MATCH
£ 1 Number of Run-Time | (32.256) | (32,256)  (32,256) (128,64)
Emitters ' Seconds ’ MPT=,01 + CPr=0,5 ~ MPT=.01
| E :
§ 1 .099 096  © 0 .0156 1,609
; 2 [ .107 Jd04 ¢ 022 .597
: 3 i .19 ¢ 116 . 031 | .559 |
100 : 4 Jd29 1 125 b L031 . .548 |
; ; 5 A2 L1210 | .03 ! 535
- ; 6 .119 116 - .031 | .52¢
N f 7 .118 JA15 . 027 i 517
; ; 8 .113 110 ;0 .027 i 516 !
1 : 9 115 112 1 L030 ’ 516 |
| ! 10 127 125 1,038 515 |
{ ; 11 .129 Jd26  f 038 | (517 |
g . ' 12 .131 128 ¢ 038 i .516 !
P v (128,64) (128,64)
| (128,64) | ypri.o1  cpreo.s, 32:256)
4] 1 1.43 § 1,35 . 197 24.7
b - 2 1.44 ¢ 1.36 193 1 25.5
x 3 1.46 ¢ 1.39 ;.94 ! 25,8 |
300 ; 4 1.49 L 1.4z 0 206 | 25.9 !
‘ 5 1.50 | 1.44 ..222 1 26,0 !
N 6 P1,52 ¢+ 1.45  .231 26,1 |
=:)§ 7 P1.53 . 1.47 P .246 26.1
s 8 ¢ 1.5 : 1.48 . 251 26.2
LIST SIZES Minimum* Maximum
Seconds 100 Emitters 300 Emitters
Run-Time (128,64) , MPT=.01 (32,256)
1 5,10 39,40
2 6,10 40,50
3 7,10 40,50
4 7,10 41,50
5 7,11 42,50
6 7,11 42,50
7 7,11 42,50
8 7,11 43,50
9 7,11
10 7,11
11 7,11
12 7,11

*smallest maximum: Also see Table 6 for LIST sizes
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item from that module in the LIST because the time window has
advanced beyond the time slot of that module.

In order to determine the degree to which CAM processing
time degrades the performance of the signal sOrter, a simulation
run with CAM-manager processing time (CPT) set to . 05 was
evaluated. with the following other input parameters:

number of emitters = 300
maximum on~time separation/luv emitters = .U5 seconds
simulation run-time = 1.0 seconds

The results of this run were compared with a run in which all the
parameters except CPT were identical. CAM processing time in the
comparison run was set at 1.0 microseconds, which is in the range
of current technology. See table 5 for the results from each
run.

The number of nomatches in the CAM dropped by a factor of
approximately 100 from 1464 to 15. The buffer to the
micro-processor array and the input buffer to the LIST were
reduced by a factor of 2. Such & dramatic reduction in nomatches
indicates that either a reduction in CAM processing time ov a
change in loading time may significantly improve the performance
of the signal sorter.

Consequently. the same environment parameters were used in
another run with a CAM processing rate of 0.5 microseconds. This
rate 1is alsc within tne range of current technology. Table 5
also includes results for 100 emitters. The 50% reduction in CPT
produced an improvement in performance over the 1.0 microsecond
processing time by a factor of 6 and 7 for 100 and 300 emitters.
respectively.

Since larger AP processing time, in some cases., results in
late 1loading of the CAM, the effect of loading a data item into
the CAM in advance of the NTOA also requires evaluation. This
will be discussed in section D.4.

As long as the size of any bin in the LIST remcins smaller
than the size of the CAM, there is no possibility of an emitters’
parameters being overwritten before the signal is matched in the
CAM. This does not, however. alleviate the problem of late
loading or no lnading of an emitter before the NTOA of the
emitters signal. (Loading the CAM has a lower priority than
processing the incoming data; therefore. 1loading is performed
between arrivals.) The problem of late loading or no loading has
a greater effect on tihe ewitters with small PRI. A modified CAN
structure which treats these small PRI emitters differently from
other emitters was analyzed and 1is presented below. A smail
section of the CAM was aside for emitters with small PRIs to
determine the effect on performance. A permanent copy of the
emitter was kept in the CAM to aveid the delay of updating and
reloading the emitter. This would result in a miss if it is
larger than the PRI of the emitter. The reserved section of the
CAM has a copy of those emitters with PRI less than a specified
minimum. These registers will not be overwritten but will hold
the UUA and frequency of the arrivals with the smailest PRl on a
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Table §.

in Microseconds

CAM Processing Time (CPT)

Mo. Emitters | Advance Load | Number of Nomatches
(LIST Config)| Time (ALT) CPT=.05 | CPT=0.51{ CPT=1.0

0 -- 6 32

4 micro- -- 7 1

100

8 secs -— 10 i0

(329256) ]6 - 31 27

0 15 - -

0 microo -- 204 1464

300 L secs - Lg 437

(128,64) 8 - 48 118

16 - 92 -

32 - 206 -

The following input parameters were constant in all

max separation betwe:zn un~times/100 emitters
associative pro-.swving time in microseconds

array-processing time per microinstruction

number of CAM registers

run time

cases:

.05 seconds
1.0
0.1 microseconds

24
1.0 seconds
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first-arrival basis. When this section is full., 211 other

emitters will be loaded into the remainder of the CAM and updated
in the standard manner.

From one to four words of the 24 CAM registers were reserved
for emitters with a PRI of 8UU microseconds and less. For the
particular environment run., there were nine emitters with PRI
less than 100U, five with PRI less than 800. For a maximum PRI
of 800 microseconds. setting aside three CAM registers resulted
in the best performance over that of the no-reserve CAM. This is
a better performance than the reserve of 5 registers. which takes
care of all emitters with PRI less than 800. For results of
these runs. see table 6. :

For all the test runs with the reserve-CAM. the environment
was the same. Consequently, the only performance measure that
changed was the number of nomatches. All other output parameters
remained the same. Table 7 contains the order of arrival and the
PRls of emitters with PRI less than 1000.

A one-word reserve with minimum PRI of 800 [PRI=642]
resuited in one 1less nomatch than the one-word reserve with
minimum PRI of 6UU [PRI=50u]. While the opposite 1is expected:
that the emitter with the smallest PRI would produce the better
performance. the difference is very slight. Also, for nine
reserved words and a minimum PRI of 1luuU, the performance for . 2
second run is the same as that for no reserved words.

It appears that performance with a reserved CAM section not
only depends on the number of small PRI emitters in the
environment but also on the combination of signals that are seen
at any one time. Over the long run, & small reserved-CAM section
may improve performance: provided that the maximum size ¢f any
bin in the LIST does not exceed the number of CAM registers,
excluding the number of reserve-CAM words. A reserved section of
the CAM will increase the amount of time required for updating
the CAM since it will be necessary to do this for two sections of
the CAM: the reserved section must be checked to be sure all
emitters are still in the environment and if the DOA or frequency
has drifted. The small and uncertain gains in performance do not

warrant a change at this time when other improvements may produce
larger gains.

D.4. Advance Load Time (ALT)

The Associative-processor input buffer holds data items theat
are passed to the CAM froi the receiver. The maximum number of
emitters 1in this buffer at any one time can 2ct as an indicatior
of the maximum amount of time a CAM load may be delayed: the
product of the size and the CPT. This figure does not take into
account other factors such as fetch time for a new data item fvom
the buffer, but it can act as a barometer for determining which
range of value for advance Toad time (ALT) will result in optimum
performance.

For a 1.0 second simulation run with 100 emitters, the
maximum AP buffer size was 3. This environment was run, varying
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Table 6. Reserved CAM

Run-Time # CAM Words Minimunm

Number of
Seconds Rescrved PRI Nomatches
0.2 ] --- 7
0.2 1 800 5
0.2 2 800 3
0.2 3 800 3
0.2 4 800 3
0.2 5 800 3
0.2 9 1000 7
1.0 0 --- 36
1.0 1 800 33
1.0 2 800 32
1.0 3 800 26
1.0 4 800 27
1.0 5 800 28
1.0 1 500 34

Table 7. PRIs for Emitters with PRI < 1000
by Order of Arrival

Order of Arrival

O O™l AU W N

PRI
642
420
422
459
728
422
618
500
943

Input parameters for data In tables 6 and 7

100 emitters

.05 separation between on~times/100 emitters in seconds
1.0 Associative Processing Time in microseconds
0.1 array-processing time in microseconds/microinstruction

Y.0 CAM processing time in mlcroseconds

2L CAM registers
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the ALT of an item into the CAM by 4, 8, and 16 microseconds. The
best performance was for an ALT of 8 microseconds. However.
reducing the CPT with no advance 1lcad gave slightly better

) results. Of course, the probability of overwriting data in the
CAM is5 increased with the ALT factor. which may explain the
stight decrease 1in performance. An ALT of 8 microseconds
produced the same results with CPT both 1.0 and 0.5 microseconds.
Reducing the CPT to 0.5 with an ALT of 4 microseconds brought the
nomatch count to within 1 unit of the configuration with no
advance load. The results are shown in table 5.

For 300 emitters, the combination of ALT and 0.5 CPT
produced the best results. The maximum AP buffer was 4. With
CPT set at 0.5, an ALT of 4 produces a slight improvement (4%)
over an ALT of 8. The smaller ALT may overcome the effect of the
CPT delay without causing much CAM overwrite. Because of the
larger number of emitters in the environment and clustering of
signals at times, the prcbability of overwrite increases.

D.5. Variabie Environments

Simulation runs with the same number of emitters in the
environment generate emitters with the same environmental
characteristics. The random values generated will be the same
for any run. What will be different will be the parameters to
which the values are assigned. Since each emitter has the same

- number of parameters associated with it, if the number of
-33 emitters in the environment remains the same, each emitter will
o be reassigned the same value it had in a previous run. Varying
separation vime will result in a different on-time for each
emitter but the same value of DOA. frequency and PRI associated
with the emitter in a previous run will be assigned in a new run
except the T1GAs will differ by a constant. However, varying the
number of emitters in an environment by even a small factor
changes the environment generated because the random numbers will
remain in <the same sequence but the parameter to which each
number is assigned will be different by an offset relatec to the
ditfference 1in the naumber of emitters in one environment over
another. As a result, a value (between zero and one) used to
calculate the PRI of an emitter for a lUU-emitter environment may
now be wused in a calcuiation for frequency in a 300 emitter
environment. Varying the number of emitters by even a small
amount will result in a different environment. This property of
the simulation program could be used to generate different
environments by simply varying the number of emitters even by
i cne. This will not consititute too much change in the overail
{ s’,tem workload but will change the individual parameters of the
emitters in the eavironment.

As an example. a run was made with 211 other input

parameters equal and with number of emitters at 100 and at 102.

There was a difference in the environment generated and a slight
differeince 1in the performance of the system. For the 100-emitter

'hj environment, the minimum frequency for ar emitter was 5 with a
- corresponding PRI of 7565. while for the 102-emitter environment.
the minimum frequency was 6 with a corresponding PRI of 6025.

Minimum PRI for both runs was 500 with a corresponding frequency

e
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of 3017 for lut-emitters ana 2844 for 102-emitters. A table of
the environment generated for both these runs is in appendix F.4,
and includes DOA, frequency and PR!. The tables are sovted by
ascending PRI and also by ascending frequency.

The 10U0-emitter environment outperformed the 10Z-emitter
environment slightly. with nomatch/match rate being 0.099% to
0.112%. 0f course. for the i02-emitter environrnent, the number
of external arrivals to the signal sorter is greater for the same
amount of processing time since the separation time remained
constant. This. of course. increases the workload on the system
slightly. as can be seen in the difference in <the number of
externail arrivals to the system. For 100, it is 36853, and 36940
for 102: a difference of 87 signals within one second. These
results indicate that the performance of the system does not vary
much with varjations in the individual parameters of the

emitters.

D.6. Long-Run Analysis

Simulation runs were made for 130 and 300 emitters to
determine the performance of the system over 1longer periods of
time: particularly with regard to LIST sizes. buffer sizes and
rate of nomatches over the length of the run. For all runs.
unless otherwise noted. the following parameters were used as
inputs:

Maximum on-time separation/luU emitters U5 seconds
Al time in microseconds 1.
Array-processing time/microinstruction

in microseconds 0.1 (MPT)
CAM-manager processing time in microseconds 1. (CpPT)
Number of CAM registers 24

Maximum on-time separation is the amount of time before the the
totai number of emitters in the environment are turned on. A
hundred emitters are turned on in the first period. If the the
number of emitters in the environment exceeds 100. the next 100
emitters will be turned on in the next period. Thus, for 300
emitters with separation=.05, 100 emitters will be turnad on the
first . 05 microseconds. the second 100 emitters will be turned
on between . 05 and 0.1 microseconds and the third 100 emitters
will b2 turned on between 0.1 and 0.15 microseconds. The standard
LIST configuration for 100 emitters will be the dynamic case with
an initial number-of-modules/time-window-offset of (32,256). For
300 emitters. the environment will be run as the static case with
a LIST configuration of (128.64). These values were chosen since
they produced a LIST size that did not exceed the size of the
CANM. This was necessary since the current configuration recutine
was not optimized for an environment 1in which the number of
emitters was larger than 100, An  upper bound of 64 on the
maximum number of moauies in the LIST was self-imposed.
Simulation results have shown that the optimum number of modules
in the LIST is below this maximum for 10U emitters. This is not
true for 300 emitters.

The (128,64) configuration for 300 emitters still satisfies




the restrictions on the (M.N) pair as discussed in section D.2 -
LIST Reconfiguration. The current (128.64) configuration is
approximately equal! to the case 1in which the LIST would
dynamically reach that configuration: the difference being the
overhead required for the system to adjust to each new emittr as
it enters the environment in order to reach th (128.64)
configuration. This would happen if the restriction on the
number of LIST bins in the current configuration routine are
removed and if, in addition to configuring bases on the maximum
and minimum PRI. the size of the LIST bins is also considered.
Configuration pased on PRI distributes the emitters over the
number of bins in the LIST while the check on the LIST bin sizes
produces a compatibility in CAM size and LIST bin size: j.e..
that LIST bin size does not exceed te number of CAl registers.

Six configurations were run with time restrictions based on
overflow in main memory. For 300 emitters., time was Timited to
eight seconds, and for 100 emitters, time was limited to 12
seccads. The six configurations chosen for the longer runs were
those that produced the best results in prior analyses. Details
for each are as follows:

300 emitters - standard
- MPT= 0.01
- CPT= 0.5
100 emitters - standard
- MPT= 0.01
- CPT= 0.5

D.6.a. ENVIRONMENT MODEL: SPECIAL PROBLEMS

The environment model wused 1in this simulation presented a
special problem for nonstationary environments --environments in
which the signal scrter and/or emitters were mobile. Because of
a gremlin. as yet undiscovered. 1in the routine that updates
environment parameters. there is a DOA drift biased toward the
first antenna in bin-3. As result, the third bin of the main
memory module for storing the parameters of emitters with & DOA
of three fills up more quickly than others and results in an
error message "MPPR FILE FULL" and system halt after a relatively
short run time (8 seconds simulation time for 300 emitters, 20
for 1UU). To determine the degree to which this problem due to
the mobility of the environment, 300 emitters were run as a
stationary environment; this is not a practical case - it can
never happen on an airborne platform.

When a 300-emitter environment was run with the same input
parameters as the one mentioned but with a stationary platform
and no moving emitters., this overflow of the array-processor did
not occur. Of course, since there were nc moving emitters. there
were no DOA changes as a result of movement from one DOA cell to
another. There 1is - a DOA drift that is a result of a frequency
drift and can be traced to a problem cited earlier. that of two
emitters having frequency and DOA both within +! of each other.
This resulted in the emitter being moved cut of DOA cell 48 and
updating the . emitter in cell 47, the adjacent cell that matched
its parameters. This same emitter may account for the other
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DOA/frequency drifts that occur after 10 seconds of simulation
run-time. This configuration was run for 20 seconds with no
overflow.

0f course, this environment of 300 emitters is different
from the standard environment (i.e., a 30UU-emitter environment
with moving emitters and platform). The difference is a result
of the number of calculations using the random number generator,
as discussed in section D.5. In this case., the sequence of
random numbers will be offset by the number of calculations
required to produce the initial values and updates for moving
emitters. This environment will be different; in addition,
performance could also be slightly affected.

Compared to the active run (moving emitters and platform)
nomatch/match percentages and the rate of nomatches is better on
the order of approximately 200 and 300 percent. respectively. The
rate of both measures., however. continues to increase over time.
The results of this run are in appendix F.5. See table 8 for
percentage of nomatch/match and rate of nomatches.

In order to increase run-time without a file overfiow. the
the maximum size of a bin in the main memory f°le was increased
from 24 to 48. This, consequently. increasei the maximum delay
through the sv:tem of a data word {MAX in the statistical
package}. A larger memory must be searched for each nomatch.
Hence. delay could not be used as a performance measure.

The effect on nomatch count cannot be predicted. However,
the probability of nomatches due to environment characteristics
increases, as discussed in section D.l1. One simulation run of
300 emitters halted after a run of 14 seconds with 304 emitters
in the wmain memory file. Each main memory cell had been
increased to a maximum of 48.

The large number of emitters in the same 0U% cell increases
the search time in that module. In order to counteract any
effect this might have on the data collected, data from runs
longer than one second simulation time will not include data
generated after the size of bin three exceeds the maximum in
other bins by a factor of two (2).

For 100 emitters. the maximum run-time will be approximately
twelve seconds and a maximum of approximately six seconds for 300
emitters. These run times were determined empirically.

D.6.b. LIST SIZES

Outputs of the statistical package which are useful in
evaluating the effectiveness of the Associative-processing stage
of the signal sorting process are the maximum LIST sizes at any
one point 1in time and the actual LIST size at that point. The
maximum LIST size is taken as the largest number of emitters in
any one bin of the LIST. The value will not be the same in all
bins; but over time, the other bins will reach this maximum as a
new NTOA 1is generated for each emitter in the LIST. Assuming
this value is the maximum number of emitters that need to be
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Table 8. 300 Emitters - Stationary Run Performance

Runtime in Secnnds | Percentage of Nomatch/Match | Rate of Nomatch/Second

1 .59 566
.60 648

3 .60 628
4 .60 624
5 .61 686
6 .62 67°
7 .62 680
8 .62 658
9 .63 700
10 .65 710
11 .63 687
12 .63 677
13 .64 722
14 .64 665
15 .64 689
16 .64 637
17 .65 847
18 .66 840
19 .66 839
20 .67 843

No moving emitters, stationary platform
Other input parameters: '

.05 Separation Time

1.0 Assoc Proc Time

0.1 Mpp Proc Time/Microinstr

0.5 Cam Proc Time

24 Cam Registers

128,64 LIST Config
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loaded into the CAM during any one time siot, if this number is
larger than the CAM size. nomatches will result from not being
able to load all the data items into the CAM in time for a match.

For the environment with 300 emitters, the maximum value in
any bin of the LIST was 22, which 1is slightly 1less than the

number of CAM registers {(24). This peak was reached at one
second and did not increase over the eight second simulation
run. However. the maximum in all bins did increse as emitters

moved into different time slots for their NTOA. as was expected.
The smallest was 12 and increased to 14 by eight seconds. See
table 9 for LIST sizes for these runs: minimum and maximum
values. For 100 emitters ., the maximum reaches 22 at 3 seconds of
simulation run-time and remains at that value until 12 seconds.
when it increases to 23. This increase may be attributed to
clustering of signals at that point. Only one bin in the LIST was
incremented. Judging from the 1length of time the maximum
remained at 22, maximum _%n size should remain stable over time
for a constant environment. It should also be kept i- mind that
this is the maximum value reached in,a particular bin for <(he
length of the run and does not reflect the average size of a bin
for the length of a run.

D.6.c. BUFFER SIZES

The statistical package includes output for the maximum size
ef:

1. the input buffer to the CAM (data from receiver)
2. the input buffer to the array-processors (MPPB)
3. the input buffer to the LIST (MLCAMB)

For all six runs, the maximum sizes of these buffers do not
increase significantly over the length of the run, as shown in
table 10, Increases in any buffer size are directly proportional
to a large increase in the rate of nomatches at that point in
time (table 11). For example, for emitters with CPT set at 0.5.

the increase in MPPB and MLCAMB at five seconds is reflective of
the increase in the rate of nomatches at five seconds. The data
stream going into the array-processor's input buffer and the data
stream out of the array-procescors into the LIST is determined by
the effectiveness of the CAM match process.

For 100 emitters, the increase 1in the CAM-buffer at ten
seconds may be indicative of an increase in the number of signals
coming from the receiver due to a clustering of emitters with
very close HNTOAs. As a result, there is a significant increase
in the rate of nomatches at that time from approximately 50 to 90
for the dynamic cases.

ine fairly constant size of these buffers indicates that the
speeds of the CAM-match, array-processor update., and LIST loading
are sufficient to keep up with the data rate of the environment.
Decreasing the CPT had no effect on the CAM input buffer; hence,
CPT at 1. microsecond is adequate to handie the data rate. The
reduction apparently was only necessary for adequate time to load
the CAM from the LIST. Decreasing MPT resulted in a reduction in




Table 9. LIST Sizes: Minimum%¥ Maximum

i No. Emitters °~ Run-Time !
(LIST Config.) SeCOHdS ! Standard : MPT=.01 ! CPT=0.5
] ; i
. b 1 is,21 115,20 1 15,20
; L2 : 16,21 i 16,21 ; 16,21
i .3 g 17,22 { 17,22 | 17,22
: i 4 : 1" ! " 3 "
100 : | w2 0 w2 | s
(32!250) 7 % |,| z 1" : 1’1
8 1" " H st
9 " 1" !! 1" li §t
i0 ) " H 1" , "
- ; " ‘ " : "
. 12 ! 18,23 18,23 18,23 |
| Pl % 12,22 12,22 P 12,22 |
l ; 2 ; 13,22 . 13,%2 : 13,22 '
‘ 300 ; 2 i 14','22 : 14’,' 2 ; 14','22 g
E (128,61{) : S | " . " " i
l ’ 8 : 1" ! 1 n '
| ! 7 * (1 ! " . "
i 2 8 ! 1 ! " ! 1" !

*Minimun represents smallest maximum
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: Enitters Seconds Standard MPT=.01 CP1=0.5
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Gz,26) | . . —
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3 12 " t "
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Table 11. RATE OF NOMATCHES PRR SECONL

x-llfaﬂi o Ei:“__!Ji' .Y‘o" e

Mutber of Run-Time - _
a Emitters | Seconds Standard MPT=.01 CPT=0.5
3 1 34 35 6
. 2 43 42 10
g 3 54 52 19
¥ 3 59 59 12
© g 100 5 40 39 11
(32,256), 6 35 34 1
: 7 42 41 3

8 30 29 10
9 48 48 19
! 10 90 88 41
: 5 11 55 53 15
A i 12 55 54 16

. 1 { 1665 1568 230 |
2 1620 1533 216
- 300 3 1682 1610 222
y (198 64) 4 1768 1699 265
i 0% 5 1758 1685 329
H 6 1770 1687 312
- P i 1801 1750 | 380
8 : 1822 ! 1759 i 326

R
£
i
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the input buffer, as was expected. since the processing tima for
each data item was ieducea by a factor of ten (table 10). This
did not vresult in a significant' reduction 1in the rate of

) nematches over the stundard p'ocessing time. The 0.1 microsecond
processing time is apparently sufficient Yor the tvo
environments.

D.6.d. Rate of Nomatches

The rate of nomatches per second can act as a barometer for
determining if a steady state of the system for a particular
environment has been reached; i.e., there is no steady increase
in this rate. For ‘the 100 emitter envirconment, the nomatch-rate
fluctuates over the length of the run, but it does not appear to
be increasing. There is a dramatic jump in the nomatch-rate at
10 seconds, which may be a result of a clustering of signals at
that point or an anomaly in the environment generator. However,
all other values remain within a constant range for the duration
of the run; i.e.. a steady state has been reached. For 300
emitters with GPT7=0.5, the nomatch-rate seems to be stabilizing
at approximately 5 seconds of run-time. For the two other cases,
the rate is increasing. It will require longer run-times in ail
three cases to determine if a steady state has been reached.
This w?s not possible with the run-time restrictions (see section
D.6.a.).

The parameter that produced the most significant improvement

'i) in the rate of nomatches was thke reduction in CPT, as was
discussed in section D.3. This was *rue for both environments.
This aid result in an increase in the "nput buffer to the array
processors but this could be remedied by also inareasing the
array-processor speed. It 1is found that tncreasing the
array-processor speed will not significantly dec.'ease the rate of
nomatches, but it will decrease the size of the huffer since data
item« are being processed more quickly.

E. Conclusions

Since the primary purpose of the research discussed in this
report was to stuay the applicability of dynamic tuning to a
particular signal sorting system, the emphasis of the work done
has been on the Ascociative Processing stage of the signal sorter
design. The Array Processors also come into play since &ll new
data and all unmatched data are passed to this stage. Yhe
parameter which produces the best improvement in performsnce is
reduction of the CAM processing time, which is the imount of time
required to match a received signal to a data item in the CAM.
This operation takes precedence over loading the CAM with new
data or updated datc; consequently. data may not get loaded into
the CAM in time for a match on the incoming signal. Making the
CAM processing time as small as current technology will allow.
will decrease the amount of time that signals are missed only

xt) hecavse there was nc time during the gan between CAM searches.
In fact, of all varameters tested, CAM Processing has the
greatest effect on the system, as was seen by reducing this speed
to . 05 microseconds, which !s not in the range of current
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technology. However., reducing the speed from 0.1 microseconds to
0.5 microseconds resulted in an improvement of performance by at
least a factor of six (6) as measured by the match/“omatch rate.
So the greatest handicap to the system 1is getting data loaded
into the CAM in time for the NTOA of a signal.

Some consideration was given to loading data items into the
CAM in advance of the NTUOA by some constant time vzlue in an
effort to offsct tate loading or no loading of the CAM due to CAM
search time. The vresults. in section D.4. appeared to be too
dependent on the environment to produce consistent rasults over
the long run. Also. better results were obtained by reducing the
CAM processing time.

Another aspect of the Associative Processing stage is tre
reconfiguration of the LIST based on the environment only in
terms of PRI, Since the optimal table for reconfiguration was
hased on a 100 emitters environment, dynamic configuration for a
more dense  environment does not produce a satisfactory
performance level when the number of expected arrivals in any one
bin of the LIST exceeds the size of the CAM, 0f course. this
would only require a minor change and would take a slighlty
longer time for reconfiguration due to the amount of time *to
check the size of the LIST bins. It would require an increase_in
the maximum number of bins required from 64 (26) to 128 (27).
The maximum number of bins in the current configuration tables is
64.

With regard to FIFO and RAM implementation of the LIST,
shortly after the investigation of the FIFO-RAM (section C.1.b),
Signetics anncunced the development of a controller chip which
converts RAM to FIFO buffer memory. A single controller chip can
handle up to 4096 buffer words. Word width 1is defined by tge
user. Consequently. FIFO depth could be 64. 256. 1024 or 4096.

The Array Processors handle data not matched in the CAM by
doing a between limits search orn the DOA and frequencies of
enitters in its file. This presents a problems only when two
emitters in adjacent DOA bins have frequencies within +one of
each c¢ther because the emitter may be matched on the wrong
sigrnal. in which case it will be updated based on the wrong PRI.
Unfortunately, there is no simple <.lution to this this protlem.
The main memory file can be searche¢ for other signals that
satisfy the match. If there is more than one. the signal should
not be updated but held until another unmatched signal with the
same parameters is received. Then the signal can be matched to
the main memory file based on DOA, frequency and PRI. The
frequency and the probabiiity of these nomatches may not warrant
the extra time required for the memory search and the extra
hardware required for the match.

Exotic emitters such as frequency hoppers will greatly
degrade the system configuration presented here unless there {is
some algorithm for detecting these signals. Otherwise, each
signal will appear to be a new signal and get 1oaded into main
memory each time the signal appears. This will result in filling
up a main memory module and prevent loading of other signals,
resulting in nomatches and perhaps system halt. This will also
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result in reduced efficiency in processing other emitters that
are in that module. In the case where the main wmemory file 1is
allowed to wraparound, tne environment PRIs may not be adequately
detected and this will affect LIST confiquration.

Overall, the particular signal sorter design studied here
exhibits a steady performance for a 100 emitter environment. For
3UU emitters, longer runs are required to determine if a steady
state has beesi reached. With the changes discussed above. the
performance of the system can be improved, particularly with a
reduction in CAM Processing time. Further study can be done on
the performance of the array-processors and on performance of
denser environments over longer runs.
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APPENDICES

Appendix F.1. Minimum and Maximum Values for Emitier Parameters

Each emitter is identified by the following parameters
which are stored in a parameter array, one for each emitter.
See Figure 1 in section B.1 for the order in which these
parameters are stored. This table includes the maximum and
minimum values for each parameter.

EMITTER PARAMETER

X Displacement of Emitter
and Signal Sorter

Y Displacement of Emitter
and Signal Sorter

Z Displacement of Emitter
and Signal Sorter

Emitter Power (includes
antenna gain)

Mainlobe Size

Sidelobe Loss

Initial Antenna Angle

Antenna Angle

Scan Rate

PRI

Pulse Width

Frequency

On Time

Off Time

TOA of pulse at Antenna

DOA of puise at Antenna

X Velocity of Signal Sorter

Y Velocity of Signal Sorter

Z Velocity of Signai Sorter

MINTMUM
2000 m
-22000 m

Om
30 db

.09

15 db

0
-~1.5 radians
.5 Hz

500 microscs
1 migroscs
2*10” Hz

0 secs

On Time

360
-300 m/sec
-300 m/sec

0

MAXIMUM
22000 m
22000 m
1000 m
80 db

.32

30 db

1.5 radians
2 Hz
7900 microscs
4 microscs
12%109 Hz
mux. sen. time
Runtime

-

300 m/sec
300 m/sec

--~ indicates that the value is not applicable to the parameter.
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F.2. Statistical Pack=z,e

For the purpoce of comparing simulation runs and to
determine the state of the system for particular runs. pertinent
data 15 output by the STATS subroutine at specified intervals.
Subroutines with the Q-prefx are used to output data concerning
queue lengths of the various buffers and tables analyzing
averages for various parameters of the system. The information
from these routines can be used to determine the system workload
for any carticular environment and run-time.

Queue analyses include histograms for maximum queue lenght
during the time interval data is collected, minimum and maximum
values or the queue and the l1ength of time., maximum and winimum,
that these values were true. For all tables generated, the sum,
average, maximum, minimum and total frequency of the arguments
are calculated. For a sample of both a table and a nistogram/
table from these routines, see tables 2.1 and 2.2.

EXPLANATION OF OUTPUT VARIABLES - QTABLES:
TIMING GATE

period during which queue statistics are
collected

time of arrival of first emitter on which data
is colliected

time of arrival of last emitter on which data
is collected

total of all data collected for a particular
parameter, e.g. PRIs

SUM OF ARG'S/TOTAL FREQUENCY

number of times a parameter is observed
smallest parameter observed

largest parameter observed

for other than the upper boundary. this value
is the range less than the prev - < value and
less than or equal to the cur e ¢ ~lue; the

FIRST ARRIVAL
LAST ARRIVAL

SUM OF ARG'S

AV'G OF ARG'S
TOTAL FREQ
MINIMUM ARG
MAXIMUM ARG
UPPER LIMIT

upper boundary also includss =~ - .z hat 1is
greater than the current value
OBSY FREQ - the number of times the parameter was in the

range of the UPPER LIMIT

% UF TUTAL - percentage of TOTAL FREQ that the parameter
was in th» range of the current UPPER LIMIT

CumM. % - percent.ie of TOTAL FREQ that parameters are
in range of the current UPPER LIMIT and less

DELTA-T - minimum and maximum amount of time that the

queue remained a constant size

the shortest time interval for the queue

length specified by Q-LEN

the longest time interval for the queue iength

specified by Q-LEN

time at which the queue remained at size Q-LEN

for the specified DELTA-T

Q-LENGTH - minimum and maximum size of the queue

Q-LEN: DELTA-T the period of time during which the gueue
remained at the specified size

Q-LEN: TIME time at which the queue reachad the specified

size

DELTA-T: MINIMUM
DELTA-T: MAXIMUM
DELTA-T: TIME

T T L N R e B L o et b it
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f See table 2.3 for a sample 1listing from the STATS
subroutine. QCutput incliudes the maximum number o¢f emitters in
each bine of main memory, in addition +to the current size;
maximum number of emitters that were in any bin of the LIST at
one time, and current LIST sizes; and the total and average
contents ¢f the LIST for each printing. The total number of
emitters in the main memory file shouild be equal to the number of
emitters in the environment. wunless an emitter changes D0A or
frequency cutside the expected range. 1In that case, the emitter
would appear as a new emitter, and would be entered in the file
as such.
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EXPLANATION OF OUYPYUT VARIABLES - STATS:

AL,

NMCHT - number of nomatches in the CAM not due to D0A or
¥ frequency drift: strict nomatches
?ﬁg MCNT - number of emitters matched in the CAM
Baat MAX ~ maximim delay through the system of a data word

: CAMB - maximum size of the input buffer to the associative-

-1 processor (output from receiver for CAM match/nomatch)
it MPPB - maximum size of Lhe input buffer to the micropro-
Bk cessor-array inpui buffer } ;
A MTIME - time at which MAXimum delsy occurred : i
X HCWL - number of wnrds loaded into the CAM '

MLCAMBUF - maximum size of the output buffer from the M-A

[20AD - nomatches due to DOA drifts withian +-1 |

ICFU - nomatches due to frequency drifts within;+-1

. NEA - pumber of external arrivals: data passell to the CAM
ey from the receiver system
. NIA - number of internal arrivals: data passed to the M-A
due to nomatch in the CA¥, includes new emitters. NOA
and frequency drifts (all nomatches)
IRLT2 - number of updates in the file for drifting parameters
InNLT3 - number of updates in the file with no drift
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Table F.2.1.

_TABLE 4

------ TIMING GATE ---

O OFF

AVERAGE

- on -

0.00000E+00 0.11000E+VU

SUM UF AVERAGE OF
ARGUMENTS ARGUMENTS

UPPER LIMIT
0.00u0Y
4$.00020
0.00040
0. 00060
0.00080
0.00100
0.00120
0.00140
0.00160
0.00180
0.00200

, 0.00220

-~f} 0.00240
0.00260
0.00280
0.00300
0.00320
0.00340
0.00360
0.00380
0.00400
V.00420
0.00440
U.UU460
U.0u480
0.00500
0.00520
0.0U540
0.00560
0.00580
0.00600
0.00620
0.00640
0.00660
0.00680
0.00700
0.00720
0.00740

T) 0.0076C

- 0.00780
0.00800

REMAINING FREQUENCIES ALL ZER

0BSV. f
V)

0
0
i
4

3
1
5
2
2
0
2
3
4
2
2
2
3
2
5
2
4]
3
3
3
4
5
5
2
7
1
3
2
3
2
3
0
3
3
0
3
0

Statistical Package Qutput

PRI OF 100 EMITTERS
FIRST LAST
ARRIVAL ARRIVAL
U.10000E-V4 U.10000E-02
TOTAL MINIMUN MAXIMUM
FRED ARGUMENT ARGUMENT

1gv U.50U00VE~U3

REQ % A (CTAL
sl
€.u0
0.04
1.0C
4.00
3.00
1.00
5.00
2.00
2.00
0.00
2.00
3.00
4.00
2.00
2.00
2.00
3.00
2.00
5.00
2.0u
0.00
3.00
3.0
3.00
4.00
5.00
5'00
2.00
7.00
1.00
3.00
2.00
3.00
2.00
3.00
0.00
3.00
3.00
0.00
3.00

i
)
'UJ

U.7Y000E-D2

CumM. %
V.00
0.00
0.00
1.00
5.00
8.00
9.00

14.00
16.00
18.00
18.00
20.00
23.00
27.00
29.00
31.00
33.00
36.00
38.00
43.00
45.00
45.00
48.00
51.00
54.00
58.00
63.00
68.00
70.00
77.00
78.00
81.00
83.00
86.00
88.00
$1.00
91.00
54.00
97.00
97.00
100.00
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Table F.2.2. Statistical Package Vutput

TABLE 2 MICROPROCESSORS BUFFER {LMISIZ)
H N
1 feeee TIMING GATE ~cm-m-- FIRST LAST TOTAL
. ON OFF ARRIVAL ARRIVAL TIME
I U.UUUODE+0O0 (.11000E+01 ¢.00CO0E+00 0.9Y992E+00 0.99992E+00
----------- DEL.TA=T ccmmcccean- memccmcmaee DELTA=T wcecemmaen-
MINIMUM N-LCN TIME MAX IMUM Q-LEN TIME
0.0000UE+00 0 0.00000E+00 0.58047E-01 1 0.21919E+00
---------- Q-LENGTH =-ccemeemm- cmcameacane Q-LENGTH -=ecoccan--
MIN DELTA-T TIME MAX DELTA-T TIME
G 0.06000E+00 0.00000E+00 4 0.52201£-04 0.19813E-01
SUM OF AVERAGE OF TOTAL
LE.GTH*TIME LENGTH*TIME FREQ ,
0.310021E+01 N.10022E+01 2022
UPPER LIMIT  08SV. FREQ % OF TOTAL CUM. %
_ U Y47 46.83 46.83
.D 1 1u0U 49.46 Y6.29
: 2 62 3.07 99.36
3 11 0.54 99,90
4 2 ¢.10 100.00

REMAINING FREQUENCIES ALL ZERO

MAXIMUM Q-LENGTH DURING TIME INTERVAL
0.00000E+00

0.50000E-01  **AXKkkkkkkkkRkRkAkAkIkkAkR XK
0.10000E+00  ***kkxkxkxkkk

0.15000E+00  ***%x*x%

0.20000E+00  #**x*x*xx

0.25000E+00  *x%xkxx

s 0.30000E+00  ***xxx
N 0.35000E+00  **%#kx
4 0.80000E+00  **x*xxxx |

i 0.45000E400  **wxxx
“ 0.50000E+00  ***%xx
0.55000E+00  *xw¥xx
0.60000E+00  **wx*x
V.E500UE+UU  *xERxk
0.70000E+00  ***x%*x
0.75000E+0Y KEKRKKKK KKK KK
U.8U0UUE+UL falalalalaly
U.85000E4+00 KERKKKRKKKXRK K
~~0.90000E+00 HEIKRKKKKKK KK
< 0.95000E+00 KRXXXXXRRKKK K
0.10000E+01  =x=wxx
- REMAINING FREQUENCIES ALL ZERO

e N3 N3 BN bt NG Pt Bt et st et e fed et o bed e pt BN P2 O
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Table F.2.3. Statistical Package Output

\
- APRI= 0.42279£-02
TIME = 1.00 SEC. {PRINT INCR= 1.000) -
NMCNT= 6 MCNT= 36482 “MAX= 3564 CAMB= 3 MPPB= 4
MTIME= 0.020068 NCWL= 30539 MLCAMBUF= 3 1D0Ab= 49
1CFD= 0 NEA= 36853 NIA= 370 INLTi= 0 INLTZ2= 51 INLT3= 104
, v 2 3 1 2z 3 2 21 3 3 5 3 5 2 1
: 3 3 2 2 2 4 2 2 3 1 0 2 2 1 1 2
3 2 1 5 2 1 1 3 4 2 1 v U U 3 4
4 3 2 2 4 1 0 4 2 0 1 0 0 0 0 O
MAIN MEMORY SIZES: )
v v 3 1 2 2 1 2 0 3 2 3 3 4 2 90
3 2 21 2 4 1 2 2 1 0 2 2111
3 2 v 4 2 0 1 2 4 1 1 0 O O 1 3
4 3 1 2 4 1 0 3 2 0 1 0 0 uv vV
TOTAL EMITERS IN MPPR=100
17 16 17 16 17 17 17 18 17 18 16 17 20 15 16 17
15 16 17 20 17 21 16 17 18 16 17 18 16 18 17 18
LIST SIZES: .
0 0 7 8 6 7 o 3 5 6 7 5 2 3 4 4
5 3 2 2 3 3 11 ¢ 3 0 O O 1 0 o0
7 AVERAGE COMNTENTS= 3.03

OTAL CONTENTS= G




APPENDIX F.3. Emitter Environment - 300 Emitters

The following table containrs the DOA. frequency and PRI values

Y for an environment of 300 emitters. The 1list 1is sorted by
frequency. The environment contains no exotic emitters. These
are the vaiues for all 300 emitters immediately after ali
emitters have been turned on.

mod # - module in main memory which corresponds
to the DOA of an emitter.

item# - order of the item in the main memory
module. For instance, if mod # is 14
and item# is 6, the emitter was the
sixth emitter to be entered into that
module.
freq - frequency of the emitter in Hz
pri - pulse repetition interval of the
emitter in microseconds
mod # 35 item# 2 fregq 5 pri 6025
mod # 55 item# 4 fregq 25 pri 5476
mod # 61 icen# 1 freq 27 pri 4451
mod # 20 item# 7 freq 72 pri 7623
mod # 18 i*em# 4 freq 72 pri 2931
mod # 58 1 .em# 3 freq 78 pri 4317
mod # 41 item# 5 freg G0 pri 5546
mod # 9 item# 5 freq 147 pri 1065
. mod # 21 item# 3 freg 158 pri 7900
=) mod # 5 item# 1 freq 166 pri 5207
- mod # 38 item# 2 freq 168 pri 4906
mod # l4 item# 6 freq 170 pri 6946
mod # 4 item# 4 fregq 182 pri 3406
mod # 56 item# 4 freg 207 pri 2434
mod # 46 item# o freq 209 pri 4393
mod # 14 item¢ 4 freq 228 pri 7204
mod # 36 item# 5 fregq 241 pri 5405
mod # 21 item# 2 freq 247 pri 5079
mod # 37 item# 1 fregq 252 pri 2975
mod # 8 item# 1 freq 279 pri 6103
mod # 3 item# 1 freq 281 opri 7096
mod # 53 item# 4 freq 315 pri 7490
mod # 15 item# 2 freq 319 pri 1755
mod # 50 item# 2 freq 325 pri 5149
mod # 21 item# 4 freq 363 pri 1824
mod # 34 item# 2 freq 408 pri 5398
mod # 20 item# 2 freq 409 pri 7€23
mod # 38 item# 3 fregq 410 pri 2711
mod # 10 item# 12 freq 428 pri 1614
mod # 51 item# 2 freq 433 pri 5360
mod # 30 item# 3 freq 453 opri 5273
mod # 18 item# 11 freq 453 pri 6643
mod # 2Y item# 1 freq 476 opri 3079
mod # 33 item# 6 freq 513 pri 559
wmod # 17 item# 1 freq 516 pri 6300
L mod # 58 item# 1 freq 533 pri 2321
.) mod # 10 item# 11 freq 536 pri 1126
mod # 55 item# 6 freq 544 pri 6667
mod # 50 item# 4 freq 546 pri 2953
F.2l
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mod
mod

mod
mod
mod
mod
mod
mod
mod

item#
item#
item#
item#
iten#
item#
item#
item#
item#
item#
item#
item#
1tem#
item#
item#
itemi
item#
item#
item#
itenm#
item#
item#
item#
item#
item#
item#
item#
item#
item#
item#
itemé#
item#
item#
item#
item#
item#
item#
item#
items
item#
item#
item#
items#
item#
item#
item#
jtem#
iten#
item#
item#
item#
item#
item#
item#
iten#
item#
item#
item#
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freq
freg
freq
freq
freq
freq
freq
freq
freq
freqg
freq
freq
fre;
freg
freq
treq
freq
freq
freq
fregq
freqg
freq
freq
freg
freq
Treq
f\eq
freq
freg
freg
freq
freq
freq
freq
freq
freq
freq
freq
freg
fre

freg
freq
freq
freq
freg
froq
freq
freq
freq
freq
freq
freq
freq
treg
freg
fre\]
freg
freq

568
571
572
602
606
632
634
649
650
652
bbYy
671
678
699
705
732
136
769
177
187
795
808
894
500
908
925
928
947
953
953
975
984
987
991
994
1003
1019
1v37
1045
1ub]
1066
1099
1122
1147
1169
1177
1180
1188
1198
1218
1224
1232
1238
1248
12565
1263
1270
1270

pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri

pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
ori
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri

737
3786
4472
7393
6152
3286
4459
2575
1412
3640
3904
3498
2999
YAY
2205
2394
4070
1514
3588
2111
1£75
5096
1811
4957
1802
6949
2740
65/8
1151

715
3514
1689
5170
2123
7675
5952
3059
5123
4839
5463
6904

616
3357
3470
5533
4324
5459
2558
4915
5749
6927
494]
3922
7525
2927
7612
1741
2473
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mod
nod
mod
mod
rod
moo
mod
mod
mod
mod
aod
mad
mod
mod
wod
mod
mod
mod
mad
mod
mod
mod
mod
mod
mod
mod
mod
mo4d
mod
mod
med
mod
mod
mod
mod
mod
mod
mod
mod
mod
mod
mod
mod
mod
mod
mod
mod
mod
mod
mod
mod
mod
mod
mod
mod
mod
mod
mod

%%%*%%%%*&%%%%%%%#*%4&%*%*

&%%*%%%*#*&**%%%*%’&%%#%##%&:#&ﬂ&-‘-&#ﬁ:%%

jtems

y item#

item#
item#
item#
item#
i tem#
iten#
item#
item#
itend#
item#
item#
items
item#
item#
i temt
itemf#
item#
item#
itenm#
itemit
i tem#
item#
item#
itent
iteat
itemi
itenm#
item#
item#
item#
item#
item#
item#
item#
jtem#
item#
jtem#
item#
jtemé#
jtem#
item#
item#
item#
item#
item#
item#
ttom#
item#
item#
item#
item#
item#
item#
item
{item#
itemd

freq
freq
freq
frea
freq
freq
freg
freg
freg
freg
freq
freq
freqg
freg
fregq
freq
freq
fregq
freq
freq
freg
rreq
freg
freg
freg
frea
freq
freq
freq
freq
freq
freq
freq
fraq
freq
freq
Treq
frey
freq
freq
freq
freq
freq
freq
freq
freq
freq
freg
freq
freg
freq
freq
‘req
freq
freq
freq
freq
freq

ww&mmwmmmmwc&pmwmrvwwwwmmo.ww.umm-—-m-\:wwpwmpm»»wmwhawv—-&wtvmwww
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F32

1284
Lew?
1224
1329
1333
1355
1363
1369
1373
1379
1389
1411
1413
1415
1416
1422
1434
1435
1448
1469
1486
1500
1510
1554
1594
1605
1606
161y
1612
1624
1627
1636
1637
1043
1652
1669
1682
1685
1697
1703
1706
1712
1713
1718
1759
1759
1759
1784
1789
1798
1805
1809
1822
1839
1849
1862
1912
1923

pri
pri
pri
pri
pri
pri
pri
pri
priy
pri
pri
pri
pri
pri
pri
pri
pri
pri

pri

pri
pri
pri
ori
pri
nri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
ori
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri

pri
pri

2931
1170
1105
54ub
4070
4403
37eh
3926
2031
1493
2486
2492
1071
1282
7516
5715
4435
5511
6652
5139

967
1344
322¢
1905
2842
5753
32717
5483
1292
6CG9Y
4322
5574
2393
5269
1269
7900
64375
5105
7670
2867
7094
7634
5169
2G89
2934
4035
7644
4316
3213
6629
6405
5825
2612
13171
4955
2734
3717
4754




mod # 2 item# 1 freq 1958 pri 1303

mod # 21 item# 5 freq 1962 pri 5185

mod # 4 item# 2 freq 1991 pri 6780

N\ mod # 19 item# 5 freq 1991 opri 7323

) ’ mod # 53 item# 2 freq 1994 pri 1929
o mod # 28 item# 3 freq 2002 pri 6535

t mod # 43 item# 2 freq 2033 pri 60Y2

R mod # 54 item# 1 freq 2041 pri 1721

i : mod # 30 item# 2 freq 2056 pri 2850

: mod # 52 item# 7 freq 2066 pri 823

¢ mod # 26 item# 1 freq 2069 pri 2615
mod # 36 item# 8 freq 2076 pri 4970

mod # 57 item# 4 freq 2081 pri 5543

mod # 30 item# 5 freq 2087 pri 6633

mod # 50 item# 3 freq 2135 pri 6082

mod # 8 item# 4 freg 2138 pri 6555

mod # 16 item# 2 freq 2145 pri 3431

mod # 56 item# 3 freq 2157 opri 3659

mod # 19 item# 2 freq 2167 pri 7474

mod # 18 item# 6 freq 2179 pri 7408

mod # 34 item# 1 freq 2181 pri 4269

mod # 23 item# b5 freq 2182 pri 3704

mod # 8 item# & freq 2202 pri 983

mod # 23 item# 6 freq 2210 opri 3297

mod # 25 item# 5 freq 2221 pri 1222

mod # 50 item# 1 freq 2251 pri 6411

i mod # 1b jtem# 6 freq 2258 pri 2911
£F ~ mod # 22 item# 2 freq 2270 pri 5738
] ) mod # 25 item# 7 freq 2284 pri 6622
3 mod # 58 item# 2 freq 2311 pri 2240
S mod # 12 item# 2 freq 2316 pri 3768
4 mod # 41 item# 4 freq 2329 pri 7197
5 mod # 24 item# 3 frea 236v pri 5579
2 mod # 9 item# 3 freq 2377 pri 5330
i mod # 16 item# 4 freq 2380 pri 7900
: mod # 12 item# 4 freq 2393 pri 2905
s mod # 38 jtem# 1 freq 2395 pri 3490
g mod # 55 item# 2 freq 2419 pri 6666
. N mod # 19 jtem# 1 freq 2429 pri 65788
;I mod # 2 item# 2 freq 2451 »pri 2912
3 i mod # 57 item¢g 5 freq 2467 pri 4574
g % mod # 36 item# 1 fregq 2482 pri 3280
% : mod # 47 item# 4 freq 2487 pri 3770
3 E mod # 9 item# 1 fregq 2502 pri 4986
i & mod # 8 item# 5 freq 2518 pri 1740
3] g mod # 18 item#¢ 3 freq 2526 pri 5602
i § mod # 3 item# 2 freq 2576 pri 5082
g,ﬁﬁ mod # 2U item# 1 freq 2582 pri 2583
o §§ mod # 41 item¥ 1 freq 2597 pri 4585
S mod # 41 item¥ 3 freq 2613 pri 3633
4 g% mod # 19 item# 6 freq 2672 pri 4415
A g mod # 46 item¢ 7 freq 2687 pri 5423
TS mod # 10 item# 10 freq 2690 pri 6828
i g mod # 3 item# & freq 2705 pri 3539
¥ > .:) mod # 13 jtem# 2 freq 2724 pri 6201
mod # 10 item# 3 freq 2747 pri 618

mod # 47 item# 7 freq 2753 pri 5034

. mod # 52 item# 5 freq 2766 pri 1342
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27170
2795
2800
2806
2824
2842
2843
2844
2845
2847
2857
2906
2953
2957
2979
2982
2989
3001
3021
3029
3038
3065
3062
3074
3189
3204
3220
3221
3227
3247
3250
3254
3262
3279
3280
3298
3326
3335
3345
3361
3375
3383
3402
3457
3486
3491
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3567
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3614
3651
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pri
pri
pri
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pri
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pri
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3736
5692
7450
7007
7900
6370

500
1489
6832
3608
6704
6206
5186
3429
3181
4781
1241
5047
3360
7064
6217
5936

500
4111
6711
7462
27175
1634
7900
5963
3044
2579
3154
7189
4013
1820
1473
2024
3343
3495

yo4
2862
4773
4070

766
5986
3641
6063
3337
5007
6300
1372

677
4565
3036
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3042
3696
3699
3700
3707
3778
3790
3796
3829
3840
3853
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3928
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4030
4u32
4045
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4086
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3922
Y48
803

2627

5289

2990

4721

6243

2744

4157

6540

4922

6664

4948

6859

3697

5564

4473

6290
500

5498

6765

6323

7900

2008

4937

3293
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APPENDIX F.4. Environments for 10U and fuZ Emitters

This appendix contains the values of DOA, frequency and DOA for
two environments, an environment of 100 emitters and an
environment of 1U2 emitters. Sections F.4.a. and F.4.b. contain
the values for the 100 emitter environment. Section F.4.a. is
sorted by frequency while section F.4.b. is the same data sorted
by PRI. Sections F.4.c. and F.4.d. contain the values for an
environment of 102 emitters by frequency and PRI, respectively.
The only difference in the input values that produced the two
environments was the number of emitters.

F.4,a. 100 Emitters by Frequency

mod # 48 item# 3 freg 5 pri 7565
mod # 33 item# 3 freq 8 pri 4271
mod # 18 item# 2 freq 66 pri 922
mod # 36 item# 1 freq 132 pri 3280
mod # 6 item# 2 freq 148 pri 7334
mod # 53 item# 4 fregq 168 pri 2860
mod # 29 item# 2 fregq 248 pri 1248
mod # 21 item# 2 freq 259 »pri 2580
mod # 17 item# 3 freq 317 pri 2788
mod # 51 item# 1 freq 371 pri 2538
mod # 36 item# 2 freq 483 pri 3170
mod # 41 item# 3 freq 490 pri 7900
mod # 15 item# 1 freq 550 pri 5897
mod # 40 item# 1 freq 688 pri 5773
mod # 41 item# 4 fregq 726 pri 269U
mod # b2 item# 2 freq 791 pri 7900
mod # 17 item# 1 freq 835 pri 6500
. mod # 37 item# 1 freq 870 pri 7900
mod # 36 item# 3 freq 880 pri 6297
mod # 22 item# 4 freq 892 pri 2119
mod # 28 item# 2 freg 1008 pri 1441
mod # 14 item# & freq 1139 pri 4767
mod # 33 item# 2 freq 1153 pri 5108
mod # 24 item#¥ 2 freq 1169 pri 4948
mod # 20 item¥# 1 freq 1171 pri 2294
mod # 34 item# 2 freq 1175 pri 7376
mod # 41 item# 2 freq 1259 opri 5227
mod # 22 item# 1 freq 1296 pri 3634
mod # 40 item# 2 freq 1301 opri 5179
mod # 50 item# 1 freq 1308 pri 4421
mod # 22 item# 3 freq 1346 pri 920
mod # 52 item# 1 freq 1370 pri 5795
mod # 25 item# 2 freq 1372 pri 35637
mod # 10 item# 1 freq 1378 pri 1700
mod # 5 item# 1 freq 14¢S pri 5652
mod # 4 item# 1 freq 1412 pri 4424
mod # 14 item# 2 freq 1427 pri 5263
mod # 15 item# 2 freq 146Y pri 4214
mod # 2b item# 1 freq 1484 pri 4866
mod # 53 item# 3 freq 1502 pri 4717
mod # 3 item# 1 freq 1539 pri 6037
mod # 5 item# 2 freq 1574 pri 2519
mod # 17 item# 2 freq 1581 pri 2206
moa # 34 item# 1 freq 1639 pri 3738
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1655
1660
1668
1791
1887
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1897
1944
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2178
2201
2402
2462
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2495
2510
2534
2536
2559
2639
2754
2803
2824
2899
2926
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3079
3095
3101
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5435
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6898
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6558
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3248
2542
1238
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1321

1422
5282
6876
3806
3357

500
3667
4529
6763
2071
4717
6990
1642
5158
3078
4239
5086
39306
71571
3587
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6527
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5591
6254
5271
3674

618
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1681
1171
3702
1574
371
251y
259
726
317
1970
168
3211
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1372
3476
1296
3079
3989
3692
1639
2899
3405
1469
3268
8
1308
1412
3095
1502
3164
1139
1660
1484

PRI

pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
ori
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri

o VA e S vt v o =

500

618

642

659

728

920
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1321
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2071
2119
2206
2294
2370
2519
2538
2542
2580
2690
2788
2830
2860
3078
3170
3248
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3357
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3587
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4239
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& mod # 39 item# 1 freq 2483 pri 4y1l2
e mod # 24 item# 2 freq 1169 pri 4948
A mod # 41 item# 1 freq 3860 »pri 5016
. Y mod # 32 item# 1 freq 3351 »pri 5086
k. ‘ mod # 33 item# 2 freq 1153 pri 5108
. mod # 21 item# 1 freq 3210 pri 5158
;3 mod # 40 item# 2 freq 1301 opri 5179
153 mod # 41 item# 2 freq 1259 pri 6227
gi‘ mod # 14 item# 2 freq 1427 pri 5263
g% mod # 53 item# 1 freq 3942 pri 5271
gfg mod # 56 item# 2 freq 2803 »pri 5282
5 i3 mod # 49 item# 4 freq 1887 pri 5353
R mod # 30 item# 1 freq 1894 pri 5435
Egs mod # 56 item# 3 freq 3883 pri 5591
% 8 mod # 59 item# 1 freq 1897 pri 5617
4 5 mod # 5 item# 1 freq 1408 pri 5652
i mod # 57 item# 1 freq 2536 pri 5663
'{5 mod # 4Y item# 2 freq 1668 pri 5716
Bl mod # 57 item¢ 2 freq 4U8Y pri 5733
SioA med # 40 item# 1 freq 688 pri 5773
A mod # 52 item# 1 freq 1370 pri 5795
g mod # 15 item# 1 freq 550 pri 5897
ae mod # ¢4 item¢ 1 freq 2178 pri 6001
4% mod # 3 item# 1 freq 1539 pri 6087
EVE mod # 54 item# 1 freq 1791 pri 6091
3 % mod # 1U item# 2 freq 3936 pri 6254
it & mod # 36 item# 3 freq 880 pri 6297
b ¥ o mod # 17 item# 1 freg 835 pri 6500
=L L) mod # 14 item# 3 freq 3651 pri 6527
Er § - mod # 3 item# 3 freq 2261 opri 6558
28R mod # 37 item# 2 fregq 3557 pri 6652
1A mod # 10 item# 3 freq 3101 pri 6763
3 mod # 19 item# 1 fregq 2824 pri 6876
4 mod # 49 item#¥ 3 freq 2000 pri 6898
4 mod # 14 item# 1 freq 3179 pri 6990
E mod # 33 item# 1 freq 1655 pri 7232
; mod # 6 item# 2 freq 148 opri 7334
. mod # 34 item# 2 freq 1178 pri 7376
“ - mod # 49 item# 1 freq 2402 pri 7471
mod # 48 item# 3 freq 5 pri 7565
mod # 19 item# 2 freq 3412 pri 7571
mod # 52 item# 2 fregq 791 pri 7900
mod # 41 item# 3 freq 49C pri 7900
mod # 37 item#¥ 1 freq 87U pri 7900

Fe4.c. 102 Emitters by Frequency

mod # 35 item# 2 freq 6 pri 6025
mod # 1 item# 2 freq 248 pri 5079
mod # 37 item# 1 freq 253 pri 2975
mod # 7 item¥ 3 freq 280 pri 6103
mod # 3 jten# 3 freq 282 pri 7096
mod # 20 item# 2 freq 410 pri 7622
;{) mod # 29 item# 1 fregq 477 pri 3079
P mod # 17 item# 1 fregq 516 pri 6300
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569

660
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737
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844
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1u4
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1122
1189
1224
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1288
13790
1380
1413
1417
1435
1449
1486
1595
1669
1718
1789
1806
1823
1839
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2033
2056
2070
2139
2168
2181
2271
2308
2395
2420
2429
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2502
2527
2576
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2724
2748
2755
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2796

pri
pri
pri
pri
pri
ori
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
ori
pri
pri
pri
pri
pri
pri

2321

737
3808
3498
4070
2111
1811
3514
5452
3050
5123
4839
3357
2558
6928
3922
7612
17-+1
2930
1170
3926
1493
1071
7516
4435
6652

967
2842
7900
2089
3213
6405
2612
7170
6780
192Y
6092
2850
2615
6555
71474
6269
5738
2072
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5787
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4986
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4585
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618
5034
3736
5692




- T TR TR e wmpa d

: mod # 35 item# 1 freq 28U1 pri 7450

! mod # 3 item# 2 freq 2825 opri 7900
mod # 3V item# 1 freq 2844 opri 500

a mod # 19 item# 4 freq 2979 pri 3182

mod # 20 item# 3 freq 3038 pri 6217

mod # 8 item# 2 freq 3062 opri 500

mod # 46 item# 1 freq 3075 opri 4111

mod # 13 item# 1 freq 3083 »pri 1384

. mod # 45 item# 3 freq 3091 pri 3460

mod # 8 item# 1 freq 3221 opri 2775

mod # 29 item# 2 freq 3227 opri 7900

mou # 18 item# 1 freq 3250 pri 3044

mod # 50 item# 1 freq 3254 pri 2979

mod # 30 item# 3 freq 3262 pri 3153

mod # 56 item# 1 freq 3279 opri 7189

mod # 21 item# 1 freq 3280 pri 4013

3 mod # 22 r1tem# 1 freq 3346 pri 3343
it mod # 10 item# 3 freq 3383 pri 2862
1 mod # b8 item# 3 freq 3458 pri 4070
43 mod # 50 item# 2 freq 3487 pri 766
i1 mod # 45 item# 1 freq 3491 pri 5986
) mod # 45 item# 2 freq 3567 pri 6063
: mod # 1V item# 5 freq 3614 pri 5007
T mod # 56 item# 2 freq 3651 pri 6300
1 mod # 54 item# 1 freq 3653 pri 1372
; mod # 10U item# 2 freq 3696 pri 948
mod # 37 item# 2 freq 3699 pri 803

. mod # 14 item# 1 freq 3700 pri 2627

g ) mod # 26 item# 2 freq 3778 pri 2989
1 A o mod # 13 item# 4 freq 3796 pri 6243
A mod # 47 item# 2 freq 3947 pri 4948
:; mod # 19 item# 3 freq 3986 pri 5564
mod # 23 item# 1 freq 4057 pri 2008

F.4.d. 102 Emitters by PRI

18 item#
58 item#

mod
mod

freq 787 pri 2111
freq 534 pri 2321

i mod # 30 item# 1 freq 2844 pri 500
: mod # 8 item# 2 freq 3062 pri 500
¢ mod # 8 item# 3 freq 2748 opri 618
H mod # 56 item# 3 freq 569 pri 737
: mod # 50 item# 2 freq 3487 pri 7166
: mod » 37 item# 2 freq 3699 pri 803
3 mod # 10 item# 2 freq 3696 opri 948
: mod # 29 item# 3 freq 1486 pri Y67
3 mod # 53 item# 1 freq 1413 pri 1071
S mod # 25 item# 3 freq 1288 pri 1170
3 mod # 54 item# 1 freq 3653 pri 1372
i mod # 13 item# 1 freq 3083 pri 1384
: mod # 10 item# 4 freq 1380 pri 1493
i mod # 57 item# 1 freq 1270 »pri 1741
1 mod # 14 item# 3 freq 894 pri 1811
i mod # 54 item# 2 freq 1995 pri 192y
] mod # 23 item# 1 freq 405/ pri 2008
4 #~) mod # 16 item# 1 freq 2308 pri 2072
. > mod # 22 item# g freq 17i8 pri 2089
| #
# 1
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req
.req
freq
freg
freq
freq
freq
freq
freq
freq
freq
fregq
freq
freq
freq
freq
freq
freqg
freq
freg
freq
freq
freq
freq
freq
freq
freq
freq
freq
freq
freq

1238
1370
3280
3458
737
3075
1435
2597
1046
3947
2502
3614
2755
248
2570
1037
167
26
3986
2527
2796
2271
2429
1004
3491

3567
2033

280
2724

pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri

3908
3922
3926
4013
4070
4070
4111
4435
4585
4839
4948
4986
5007
5034
5079
5082
5123
5267
5476
5564
5602
5692
5738
57817
5952
5986
6025
6063
6092
6103
6201

it e s |
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mod
mod
mod
mod
mod
mod
mod
mod
mod
mod
mod
mod
mod
nod
nod
mod
mod
mod
mod
mod
mod
mod
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items
itom#
i tem#
jtem#
item#
item#
item#
itent#
item#
itemy
item#
item#
item#
iten#
item#
item#
itenms#
item#
item#
item#
jtem#
iten#

BN = N PO DN PO N 5= 4 1 QI TN b = QOIS BN - N B

3038
3796
2181
3651

516
18U6
2139
1449
2420
1991
1224

282
1839
3279
2801
2168
1417
1264

410
2825
1669
3227

pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
pri
nri
pri
pri
pri
pri
pri
pri
pri
pri

6217
6243
6269
6300
6300
6405
6555
6652
66606
6780
6928
7046
7170
7189
7450
7474
7516
7612
71622
7900
7900
7900
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APPENDIX F.5. 300 EMITTERS WITH STATIONARY ENVIRONMENT

Following are the simulation results from an environment with 300
emitters in which the velocities of the airborne platform and all

) emitters are set. artificially. to zero to determine the effect
of DOA drifts to memory module 3. as discussed in section D.6.a.
For <compactness. the results are only shown at 1, 5, 10, 15, and
2V second intervals. System parameters are as follows:

maximum c¢n-time separation/lUU emitters in seconds
Associative Processor time in microseconds
Array-Processing time/microinstruction in microsecs.
CAM-managjer processing time in microseconds

number of CAM registers

O e

Ne o o« O

LC~CWm

ﬁ?ins = 1, 00 SEC. (PRINT INCR

1.600)

NMCNT= 566 MCNT= 96397 RAX= 243 CAMB= 5 MPPB= 3
MTIME= 0. 0356539 NCWL= L7666 MLCAMBUF= 3 IDOAD= 1
ICFD= 1 NEA= R7941 NIA= 1543 INLTi= 0 INLTZ= 1 INLT3= 8&4
o 2 i 2 12 4 5 10
S
7
0

p -9
NMNoR
S
0 b d
W
[N IR Y

GNP

MAI
. 10

4
S
5
9
12e85:
1 S
3 4 O
3 7
1

X

2
U\IOEUU(J\JQ'
DN LODON

7
0

VrWOZOC W
<
WETH WHOES

-
4
0
4
&
4
0
4

~NOM
~Nur @
=D
oONGn OoONGp
WYY Obu-o

5 & 8 S
TOTAL EMITERS 1IN MPPR=298
14 12 12 15 13 14 14 15 (3 12 18§
13 12 13 15 15 12 11 15 11 1S5 13
14 12 15 14 1S 13 12 15 14 12 13
1S 15 14 13 12 15 13 15 15 13 14
12 13 16 13 19 14 12 12 15 13 13
14 13 13 13 14 13 12 16 15 15 15
14 14 12 15 13 13 14 14 15 14 13
13 14 12 14 12 14 12 14 13 16 15

17 12 13 14
12 13 19 15
i3 13 13 13
14 14 18
15 19 13 12
13 37 12 14
13 14 (5 14
i3 15 14 13

b s Ged b peb Db Jub peb
[ I AN - N R ]
[,

F-Y

GO

OHOMNNNOO
ON=NUWLNC
COrOMN A0

COMBOUOR

30~COND-O

& .

[ =N W - S JRNS

§OmpO - WD
CUWOo=WNWN

>
m
&

ONTENTS= 295

-

3

5
3
0
0
0
ERAGE CONTENTS=. . 2 37 .
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x5

2
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TIME = $ 00 SEC
NMONT = 3152
MTIME= 0. 035639
1CFD= 1 NEa=
0 2 & 4 1
St 7 78
6 3 3 8 §
? 5 3 8 95
MAIN PMEMORY SIZES
0 R &6 4 1
311 72 7 5
& 3 3 8 9
? 5 % 8 S
TOTAL EMITERS
15 14 19 17 18
i7 1% 17 5 17
21 15 1% 17 1S
15 15 16 16 14
17 19 16 V6 17
15 16 14 14 16
16 1& 45 15 17
15 15 1% 17 16

WO O -
~ONB_BVMLODOO

r

LB e BOOM

70T

A

2
i. CINTENTS= 2%

(FRINT

MCHYT=
NCWL=

&
-+
&)

IN MPPH=98

156
18
1%
15
16
14
19
i3

CMNOPRECIOO0

WeEr s

3203

w8 R

NONNOONO

515195
S19347
Nlaz

L

> O H>

1%
135
17
16
16
i6
16
16

>
CUONBDOBO O~

m

D

25
o

8

NGADO Nuwo

17
14
18
15
15
17
is
16

DrWr = NOO -

INCR= 1.000)

Ladi s RO R4

-

WK WM

ONDLUOO
Ll

~NNRBOONO

A WDHUWNG O~

GE

()

243 CAMB=

MLCAMBUF =

4129  INLT9=

9 10
S
7
Q

- g

W= &A= NOO

(7]

4

[VINELR oNGe®

HOHNMNOELBLOO

iDDAD=

OCWwUrd Odwrg

»OeNLEDRO -

IDUAD=

w0

SWHnGe OP

i6

17
18
15
1&
17
1&

MPJOCORWO

TIME = 10. 00 SEC. (PRINT INCR= 1.000}

NMCNT= 6570 MCHT= 140764 @3 CAME=
MTIME= O. 035659 NCWL.= 1047334 MLCATIBUF= 4
ICFD= 1 NEA= 1048312 NIA= INLT1=

9 2 6 4 1 4 2 & 6 4 510 2
s11 7 7 S & & 4.8 2 4 3 4 9 93
& 3 3 8 %5 4 2 ¢ 5 2 &6 3 T 7 7
e s s &8 5 3 7 4 7 3 1 11 Q 0
MAIN MEMORY SIZES:
0 2 6 4 1 4 2 &6 812 4 4 5 10 2
3¢ 7 7 3 & & & 8 2 4 3 4 5 5
& 3 3 38 S5 4 2 0 % 2 65 7 7 7
e 5 5 8 % .. 7 4 7 3 1t 31 e O
TOTAL EMITERS IN MPPR=298
16 15 19 17 18 16 18 17 17 17 17 17 18
17 1% 17 17 21 19 14 17 17 15 16 18
2% 15 16 17 16 17 17 17 18 17 16 16
16 17 te 146 15 15 18 17 15 17 17 16
17 15 316 17 17 16 19 17 16 16 18 17
15 1& 16 14 18 16 16 16 19 17 17 1é
16 16 15 113 17 15 18 16 16 € 14 17
17 15 17 17 1& 15 18 1& V7 17 15 1%
LIST SIZES:
4 4 % 2 4 3 4 4 3 10 $ R 9
4 2 601 3 2 3 0 3 2 3§ 1 0 1t
0 4 1 3 3 2 2 ¢ 2 01 2 3 0
01 1+ 2 9500 0 0 1t 1 o o ©
0 0 01 00O O0O0OO0O OO0 o o 0
o 0 0 C 3 O 0 0 0 4 6 3 4 %
8 5s 8 513 &6 3 3 & 8 4 & 2 4
72 2 2 4 2 &6 % &6 3 2 2 2 4 4

TOTAL CONTENTSn 299 » VERAGE CONTENTS= 2.34

TIME = 11.00 SEC. PRINT (NCRe 1 20D

L)

ML = 3450

INLT3= 968
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TIME = 15. 00 SEC. (PRINT INCR= 1.000)
NMCHT= 10010 ™MTHT= 1565344 MAX 2 c
25 = 43 CcAMB 4
?Zégs= 0.235329 NCWL= 1575361 MLCAWBUF= su ID;ADS nppn; N
. = A= 18746336 NIA= 10991 IN MLTa= L
0 2 6 4 1 4 2 6 812 4 &4 5 ioLTéa 9 O INLTE2 3 INLTIRIO50
11 7 7 5 6 & 4 8 2 4 3 4 5 % 5
i &6 3 3 8 3 4 2 0 5 2 6 S5 7 T 7 4
9 3 5 3 % = 7 4 7 2 111 0 0 O
MAIN MEMORY SIZ€S.
0 2 6 4 1 4 2 6 B812 4 4 $10 2
5311 7 72 5 o 6 4 8 2 4 3 4 5 8 g
&6 3 3 8 S5 4 2 0 5 2 6 53 7 7 7 3
; 9 5 5 8 %5 3 7 4 7 3 1 1100 O
. TOTAL EMITERS IN MPPR=298
. 6 16 19 17 19 17 18 17 .7 17 16
; a7 16 17 17 17 16 16
17 18 17 17 21 19 15 17 17 18 16 16 15 16 18 17

16 17 17 17 17 18 18 17 16 16 17 15 17 17
17 16
17 }5 16 17 17 16 15 17 16 17 16 20 16 ;é 7 :g
15 17 16 16 18 16 16 16 19 17 16 1T 17 17 16 17
ig iﬁ is ig iz ;6 18 16 16 17 {7 16 15 16 17 17
S 7 6 18 16 17 18
LIST S1zP% 17 16 17 15 15 16

. 21 16 16 17 16 17 17 17 I8 18 17 17 {7 . » 17

0 0 0 0 0 0 0 8 & 4 7 7

2 7 610 ? 7 2 5§ 3 ¢ 5 2 ? g Z
2 8 £+ 2 3 4 3 2 61 3 5 2 4 3 3
2 2 2 4 1 { 2 é6 3 2 % 3 3 4 0 2
0 3 1 1 4 0 0 0 3 &+ 4 3 4 3 4 |
2 21 2 2 1 0 02 0 0 t 0 2 0 1
c 00 01 0 02 0021 0 0 1t 0
O 0 0 0 0 O 00 00 O 0 O O 0 O

TOTAL CONTENTS= 276 AVERAGE CONTENTS= 2. 31

B L T

B ) oo @ et mcoe o ——————
P

TIME = 20.00 SEC. (PRINT INCR= 1.000) |
NMCHT= 14046 MCNT= 208%272 MAX= 243 CAMB= 5 MPPB= &

MTIME= O. 035639 NCW.= 2103343 MLCAMBUF= 7 IDOAD= .7 :
CFDo 7 NEA= R104322 NIA= 13049 INLTI= 0 INLTZ= 7 INLT3=14358 |
0 2 6 4 1 4 2 6 B12 4 4 510 2 9 !
511 7 7 % 6 6 4 8 2 4 5 5 3 3
e, 5 338 5 42052657 7 74
e 5 58 8% 37 47 31211 L OO0
MAIN MEMORY SIZES:
0 2 6 4 1 4 2 &6 812 4 4 510 2 9 .
511 7 7 S & 6 4 B 2 4 35 4 3 5 3
4 3 385 42052657773
9 s 58 33 7 47 3111000
TOTAL EMITERS IN MPPR=298
16 16 1% 17 19 20 18 17 17 17 16 17 17 18 16 16
: 17 18 17 17 21 19 16 17 17 18 16 16 13 16 18 17
; 21 17 16 17 16 17 17 17 18 18 17 17 17 17 36 17

16 17 17 17 17 19 18 17 19 16 17 15 17 17 16 19
17 15 18 17 17 16 1% 17 16 17 17 20 16 18 17 13 g
15 17 16 16 1B 16 16 16 19 17 16 18 17 17 16 18
17 16 18 18 17 16 18 16 18 17 17 16 16 16 17 17
17 17 17 17 16 16 18 16 17 18 17 16 17 13 16 18
: LIST SIZES
3 031 0291210100101
2 6 0t 0102 11000100
© 0 0O 01 1 200000 O0O0CO
0 00 48 &6 48 9 & 7 3 9 376
3 8 9 5 2 5 % 9 3 3 3 42 4 & 4
s 3 1 3 3 2 4 % 3 4 3 & 4212
0O 4# 1 4 1 5 4 2 1 1 24 t 4 04
- ) 2 04 0 0 2 0 3 1 2 202 413 1
ﬁt) TOTAL CONTENTS= 300  AVERAGE CONTENTS< 2.234
1
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APPENDIX F.6. FREQUENCY HOPPER ENVIRONMENT

Following are the run vresults two environaents in which the
number of emitters in the environment was 50. which included two
frequency hoppers. In the first case, in order to accommodate
the overflow in the main memory modules which corresponded to the
frequency hoppers, new data was entered into the top of the
module when the moduie became full; in other words, the data
wraps around and writes ove, the previously entered data. In the
second case, when the memory moduie is filled. no more data is
loaded into that module. For more information. see section B.1i.b.

The simulation was run with a static LIST of (32,256} for ocne
second. The results shown here are for the entire run with no

wraparound. but only from 0.5 seconds for wraparound memory. The
results were identical up to that time.

'SFH: Simmlation Results for 50 Emitters
and 2 Frequency Hoppers o
Wraparound Memory ) o

TIME = 0.10 SEC. (PRINT INCR= 0. 100)

NMONT= 0 MCMT= 1109 MAX= 200 CAMB= 3 MPPB= 2
HTIME= 0. 059442 MNCWL= 1111 MULCAMEUF= 2 IDOAD= 1 .-
{CFD= 0 NEA= 12596 NlAn 1652 IHLTI= 0 INLT2= 2 INLT3= 47

0 0 0.t t 1 2 2 01 0 2 1 1 013 -
T 21 00 1 G 1 1 0 0 3 0 00 O
03t 1 1 0 ¢ 0 2 {1 01 t 3 3 1%
20 01t ¢ 2000660 O0CO0O0CTCO
HMAIN MEMORY SIZES:
00 °» 1 31 1 2 01 0 2 % 1t 013
3 21 00 5 11 0030600 O
93t ¢ &£ 0 9 0 2 1 1 9 1 & 3 3 &
0 2 0 09 1 1 2 0°0°F 0006 6 0 0 0.
TOTAL EMITERS InN MPPR= B8
8 7 & 6 4 8 6 8 6 6 7 611 85 3 8
8 & 6 3 0 7 6 7 7 9 7 & & 6 9 ¢
LIST SIZES:
¢ 01 9 00 Q3 2 3 7 43 4303z
1 1 2 2 01 20901 023231 000
TOTAL. CONTENTS= 43 AVERAGE CONTENTS= 1§, 234
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APPENDIX F.7.

Program Listing and Flowcharts

The main program. File EVS4. maintains the calling sequence for
the various processors in the system. It consists of 15
subprograms. as outlined below:

RDPARM - reads in system and environmental parameters for each
simulation run.

INIT - initializes all variables and arrays.

TIMST -~ returns the minimum next on-time of an emitter to Main.
NUAGE - establishes initial values for all emitters.

NEMIT - computes and/or updates the parameters measured by the

Receiver for each emitter when it turns on.
RCVR - detects incoming signals, measures each parameter, and
stores the data for output to the associative processor.
ASSUOC - accepts data from RCVR, compares data to the CAM via
CAM, updates the CAM via LCAM and sends .nmatched data
to the array-processors.

CAM - performs an associative compariscn of t.e top of the CAM
buffer and the CAM, and counts the number of matches.

LCAM - loads the CAM when the CAM is not busy, and loads the
CAM buffer from the array-processors buffer.

MPPR - the array processors, accepts unmatched data from CAM.

types emitters and adds new emitters to its memory.
Calls routines UPDAAM and UPDM to update unmatched data.
calis PRIP to compute PRI, calls CONFIG to configure the
LIST.
UPDM - updates memory when unmatched data from CAM matcres main
memory as a frequency drift but DOA does not change.
updates memory when unmatched data from CAM matches main
memory as a DOA drift.
PRIP - computes the PRI for emitiers in dyasamic environments.

UPDAAM

CONFIG - reconfigures the LIST based on the maximum and minimum
PRIs of the emitters curvently in the environment.
WSTAT - writes statistics from the simelated run at specifed

intervals.

Following are flowcharts for #nAIN, ASSGC. LCAM. CAM. MPPR,
UPDAAM, and UPDM. Also incliuded s a listing of the entire
program.
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K .
< DETECTED DATA READY FOR ASSOC PROCESSOR 7

D N

lY
~———»[ COMPAKZ TO CAM FOR MATCH |
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|
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RE+ VARIABLES
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Ienals, MEAGURES EACH PARAMETER
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IF(IP. LB 1) <3 TG Y&

<0 T0 17
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ANGLE=ANALE~ 1563
IS(ANGLE, LT. ¢
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TACELL (ITELL = IFIB(IM
ACELL(ICE LD =T

CONTTNUE

IRF=0

iGF=0
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33 CONTInNUE
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FORTRUF(LRTETZ, 1) NI 8) @O Ta B2
Y=~8ND{ IRANI+3E, +1,
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LRIBUF(LRIRIZ. ) =RIB{1. 2% 5210 #xd
< QUANTIZE THE TUk
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IF(LRISIZ T, L) 60 70 40
RCTLAOCSRCBUF ( 1)+ TIR

N £ £S04
20 TO 15
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COMMUN/STAT

AND SENDE UNMA
KEY VAR1ABLES
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I&TAG:

LAIBIZ:
CAMBUF (1LAISI

hea

ROXFR{LAISTZ
ASTLOC:
TIFM:
ASTLOR:
LOAD:
MAE:
MONT:
LCSM:
DOAMP (L.C5M)
LCBUFF{t, #)-

T1h.
IXFli-&7:
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IF(TWRITE

e
N

80 TU 2%
c STORE INCOM
11- LAISIZ=IAL

CAMBUF (LA

LEAMBUF (o

T FILE ASERY T

SRR ITINE
Clz) IMPLICTT INTWGER28 (-0

. COMMON/RC v 00
ot MMUN’L‘/i N RATAS, ATEF . LxS&, J2Aa 1 1A A TWRITE, LAl
WMU},J“‘ AiDA{a4) CAMFEQ(64), IUMHRT f a4, CAMPTR
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LODCAHi%,*,#}: LIST)  #1-DOA, #Z-FRED, #3-PRI
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vE o

(‘;5‘):""((‘7) ""') P L R

oo 5 [ LT W
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i...'/ lNLT-a
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PERFGIMS AN &BBOCIATIVE LOMPAR LSON
fCH€D DATA TO IMPPR.
(D

DATA TRANEFER FLAG O-DATA READY FOR MPPR FRQM ASE(
i-NO DATA READY
PROCESSING FLAG: 1-MORE DaTs IN CAMBUF 7O BE PROCIZRGED

~CaN

O~4 BUFFER SLEMENT I8 BEING PROLESOCD

IR b R M P A B s

)
£

24

NEW DATa
FOINTER 70 S1ZE OF ASSUC INPUT BUFFER (GAMBUF)
T3y,
#1-D0A, £Z-FREQ, #I-FW. #6¢-T0A, H5-EMITTER 1L#
HUMEER GF EXTERNAL ARKRIVALS
Yoo TREANSFCE TIME 700 EACH ELEMENT FROM RCVR
LOGAL TImE FOR ABTLC
INETR TISE 7O LDAR A DATA KWORD INTO THE CaM
PREVIQUS EXIT TInE FRDM ASSCC
HIME AVATLABLE TO Lidad DaTA INTD THE CaAM
Catt MATCH FLAG: O-WNO MATCH, 1-HMATCH
MUMBER OF WIORDS MATCHED
(LOCAL VaR: POINTER 7O MIDULE NUMBER FOR LIEDCAM
ARINTER FGit #ODULE LCSM
L3AD BURFER T OTHE LIST
#1-D0A. FE-FREQ, BI-MTOS, 34-PRY

NATRUCTION TIME TO COMPARE A WORD WITH THE CAM
UJ‘FUT ARSAY FOR UNMATCHMED WORDS
#1-D0A, #2-FREG, #3-PH, #4-TOA, H5-EMITTER IDH,
#FE-MATCH FLAG {MMAaS)
LPOINTER TO SI1ZE OF LuBUFF STACK

Tiw h At # e D "‘ 3745 T N Ry \ ), » N L
= AL e or S e AT DN IS e ST E OO N s A

CT.0) WRITE(A, 12D

INL-
ATYUF: TEANGFEH TIME OF DATA FROM ASSOC TD MPPR

START §

JRA=D i

I IF {JXR. EQ. O COTa 7 i

IF (IATAS. OE. 1) GO TO 20 3

C CHECK FOR BUFFER OVERFLOW g
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IFCABTLOL 1T ROAFROL G AGTIOCtl AR 11 +TIA

IFLAISIZ LT DY B0 T 20

19 Jua=t
RETURN
0 IATAu=

9 TEST FOR Cam iouruING
TLOAV=RCET 14 L A5 TLOW
IF(TLOAD, L YIFMY 60 TO 5%

Cali. LTAM
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59 CALL CANM
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LESM=(ICMPRY (MAS)Y +CAMBUF (1, 473 /MEIT
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=) CONTINUE
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V0 &3 J=1, 48
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@ SET TRANSFER TiMg
ATXF=45TLOC

C  POP STACR UP
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PNTORK I =PRT {8 ]
TF(PNT AR, 6T HENT R ) MPNTORR 2=PMT LR’ -1
i STURE MaTCHED DaTh I HEXT r'-\nF{'I\«‘m.. TIME ARRAY
INL=TNL+1
INLT2=TNLTEZ~
IFCIML LE '."9) G2 TO 2R
WETTE ¢ 237 TRAF :

WaMeIBUF {1, 1>
=3

Fes
"
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23 FORMAT (2K "FriNaT INFUT BUFFER OVERFILOW. MT=’,Fla. &) N
80 TR 49 -
22 LOBUFF CINL, 1I=MATBUF (5, 1)

L.CBUFF (INL, 2)=MAIBUR(J, 2) :
L.CBUFF { INL, 37=MAMEM( IMOD: LL, S)+MAIBUF (1. 4) ;
LCBUFF ¢ INL, 4)=MAMEM( IHOD, LL., ) i
IF(IRIT . 6T. 0 WRITE(&, 26) (LCBUFF CINL, JU)» JJ=1,4), INL, TMXF 3

2&;{52 FORMAT (2X, *MTRA’, SI8. F12. 63
7 FACK MEMORY :
a9 PNT¢IMOD Y =PRY LIMODY =X B
NN=REFT ( ITMOD ) 3
: +

f

DD 50 J=1., 4
50° MAMEM MDD L. o aMAMEM O IMGD, pilv, )
vAaMER{ IMEGD, NN wi=0

e Bods B LS ]
o '24 - . .
e XL e PG 5 3
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SUERTEITING o ‘tf b :
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TOMARG ST s eI G4 403 G b, TR IMTRG, TMAF, MAIRWE (64, 60 - T :
3 hata T 5
T TEIT oA T na MPNT - G e M A :

DGR OOOOOOGOOOOTGC

L
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SOMMLIN RN L O R (G, v (NL
Liuiamtgdon, md. 3 e CaMib {2346 N1 AMA {58,

‘S-LI*I IVE, I_-_,- .5{‘1“....‘--‘

ot v

THIZ RO "‘NE 18 Lm0 TR UPDARTE TR CuTERTE OF THE
MICRUMROTER XD a<RaY INTERNAL MEMGSY WRK DATA CHANJE
RITHIN INE ALLOWED LIMITS DJT THERE IZ NU CHANGE IN DO
WEY VAR LATLES
PAIRLET (L. s =1-D0A,  AE-FRESL, #3-PFdl, #4-TLA, #5-~1D#, H6-MTLH FLAL
INL. COINTER 7O SIZE OF LCUUFF
LCBLIFF CING.: #i: #1-D0A,  #2-FREG, n3--«TOA, #4-PRI
MAMEM . AMDC, Ll w0
#1-D0OA, HB-FREQ. #3-PW, #4-TUOA, #5-PRI, #46~TYPE,
T-PULSES RCVD, H#B-EMITTER 1D#
TINC: TOTAL & (F MICKROIMSTRUCTIONS EXECUTED TG PRULELS
Ary EMITTER 1IN MPPR
TIim: MICROINGTRUSTION PRICESSING TIME OF THE FRGC ARRAY

AR T
j) IFAIRTIT. ST, O 'RITE (A 1O VMAMEMCIMDEG. LI, &)

FORMAT(SX, ‘MPE MATOH TYEE=12)
FR=MALBUS (L, L)
DC & U=i. 4
MAMEM KK, L, Jr=MmaIBUS {1, JO
BTORE MATCHEN DaTaA IN 1IAT ARRAY
YNL"'TN'L.'?‘
THLT3=TNLT e
(fﬂa.k_.th 000 =7
wRITﬁﬁe,Ea)meF
FORMAT (24, ‘FRNAT INPUY BUFFER OVERFLONW., MT=’,FiLZ. &)
30 7O 49
LCRUFF(INL, 13=MAIBUF 71, 1)
LCBUREF ¢ IR, 2Y=MATBUR L, 20
LCBUFF (INL, 3V =MAadEML 10D, L. Sr+MaIBUR L, 4)
LCBUFF (INL, 4)=MAMEM{ 1O, LL. 3)
TINC=TINC+12. >TIM
IF(IRIT 2T, 0) RRITE(H, M LIBUFFLINL, JJ) =1, 47, INL, TMXF
FORMOT (Y, "MTR“, 518, F12 &
RETURN
END
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FILE TONF I RAT T
CURBRVTING L. &1z
N TRLIDTT O INTUGEReG CIoND
‘ JOMMUR B DTN PR DL VR, NELO. i
COMMI /L ASe B FRE (D), Al 1.' AP G ATTLOP, IDE, NMOL,
I NWPMUNGST
OJIMZHOTION #Moo L)

woq

T B (I R (LS LSRN & §
DATA 1/ A0, B9, W00 3044, I b4

129, 440, D4, 3T s4, &4,
L3, 256 SGT72, 40%s, o4, 4,
12 =38, G0%s, BO0Y. =40 108,
;’."-‘ .2 7\58' "J e ?‘,-’)8. ."3 . !:.Fi:
Patto 1000, 40ve. 3, &4 1028,
"y

896, V1ad, BOOLU, 32, %é

-

T

=4

P&, 1024, S118, 716t 22, 056,
G0, 1024, -0Ovh, 311R. 32, 256
& » 1025, 7168, 8001, 146, 514,

1024, 3072, 4094,  3H, 128,
1024, Z048, 3072, =, 128,
1024, 2007, 204w, 32, 123
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THIGC SUBROJTINI SIMULATES THE ROM (RICH MAPS THE

e
>

.5>MAX. AND THE MiIn. PRI’E INTD THE ZONFIGURATION

KEY VAR IABLES:
NMOD: NUMSER OF MITLULES I THE LIBT BUFFER (LCBUFF)
NBIT: NUMEZR OF B1TS SHIFTED
PRIL, PRIH: LW AND IRIGH PUILEE HEFETITION INTERWVAL

ETART
NCONF=13
DO 50 I=1, NCONF
IF(FRIL.LT M1, 1) . COR.
1 PRIM. LT Mi{Z, 13 . 0OR.
MMOD=M{ S, 1)
NBIT=M(&. I:

. 3 M2, I . OR.
H. OEL M-‘,--I)) &0 T 50

TN

X

> b-l

RETURN
50 CONTINUE
NMOD=164
NBIT=123
RETURN
END
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13 INTIECER f%ﬁ““& CAMTR hA“"lﬁ-uif:Lr 3
B ) coMmun, BRI SaTIRGIC. 290 TINE, o8 VR, g TUNET, ME, nINSTE, b
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4 COMMDN/AS - N, TATAL ATXD LEFve sy T A PAS: TWRI TS e 3

£ COMMON/ MR MMM day &0, 23 vhAL PRI I el TTMNF L MATBUF (he, &5, Ty g

e : i D 3
L 2L IRTT. P {ne) s MPNT {04, NTA& §
I b COMMOMAURP /AT N(GY ) CAMFRO(Aa s LIMERT CaS)Y .  CAMPTR :
EE SO/ DA, I 3
F | "‘"MM{)N/ PRI, TTmC, PRI IMITH, NEID, HECHN %
, OMMON/UPZ /CA S QUFR (2. 5
33 SOMMON AT TS, Tt § IFM, M !
: : SOMHNRTE TS .u;-;w,,, P PICEE, MA LG MAZLAM, M AMER, TMAXTE, MCUL, TriM i
iy COGMMON/BTE T, DUAD, (OFE :
5 3 COMMUN/RAND, :'qph\u JRAT ‘
[ COMMUN/LRIVR/FCBUF (64, LETBUF (&4, B ITACKLL (167, ACELL(1 S,

1 RINGA o) TRIB(&L4), LRIBT, RCTLIW, LRISIZ, LRIT
B COMMUN/LASPRANCYFR(B2), LAISIZ, AST1.0C, @STLOP, IDEL, NMOD, ;
¥ 1 NUWPM, NBIT ;

COMMIZN/WMERE 7 20 0FR LS8 L MISTIZ, MPTLOS, TRONT ’ :
COMMON/FM/LCHIFS (82, §), IML ;
1 L LODCAMIEEA, ¢4, 1YL LDCAMP (250 LD0AMA (554, : ~
* 0 INLTL.INGLTZ, TMLT3 R}

v COPMMN/CHA TN ATRRINT, PONG, RTIME: #TIME, VR .1
b 2 ) CONHON/ JMP ZE6  J10W. JZFG, JTFH. J 20, JIPRI )
i IF(1IME. LT, TPRINT) RETURN

i TPRINT=TPRINT + INC

if <

g1 C :
i CHA Rt R Rt Pared S WRNITE OQUT STATIOTIOH 038080403030 18 3040 BB R e 00 cove Fo ot 5 .
2! < g

WRITE(S, 77) 1ImE, PINC . E
77 FORMAT( (/7777 TIME =7, Fa. 2, * GE_. (FRINT INCR=’, F7.3, ‘Y- . :
101 WRITE(A, 1012 MMCNT, MONT, MAXQ, MAX AN, MO AMER, TMAXTG, NCHL, TNL#
1 L 1DOAD, (LFT. NEA. Nie. TNLTL, TRUTE. TNL TS
102 FORMATL/, 14, SMONT=/I19, 2%, "MCNT= . 19, 2%, 'MAX=', 17, 2%, ‘CAME= . 135.2
1 UMPEE= , 2.7, 2X, ‘MTIME=', F9. 62X 'NCWL=', 19,
2 2 MLCAlIF=", 13, 2X, “IDOAL= , 17, /.08, ‘ICFD=’, 15, 2 TNE &
\ 2 2y, 'NIA=Y z:,ax,'JNLTi Yy 14, . INLfr«-,I44=X,’INLT3—’,1
| ITMPHT=0 >
DD 108 K=1. 6 '
108 ITMENTSITHEN T RPNT (K- 1
: WRITE (S, 111 P MPNTII, I=3, &48) »
111 FORMAT(2X. :&1) .
WRITE(S, 1004, DIFINIPNT(I)~1), 1=, &8) )
1004  FORMAT(/ MATS MREMORY SIZES: /(2816130
WRITE(S 1150 ITMPNT
113 FORMAT(SX, ‘TOVAL EMITERS IN MPPi=". I3)
WRITE (S, 1997 GLOSAMX DY, T=1, NMOO)
Bl 10%  FORMATIZX, 1813
I -QD LEBOET=0
DO 1008 I=1, 1900
8 e LOSSPT=LC SR T+LDCAMP (1)
1008 QOMTINUS

B ARG b 2B N

A

] WRLITE (6 1O LLDCANE ,,«t NMT )
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